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BBenenue

AKTyallbHOCTh HCCIENOBaHUSA. B COBPEMEHHOM NPOU3BOACTBE W3ACIUN
Pa3HOM CI0KHOCTH 3HAYMMYIO YaCTh UTPAET Mpolecc pe3aHus. Bo MHOTUX oTpaciisix
MPOMBIIJICHHOCTH I CHMKEHHSI 3aTpaT M 3KOHOMHUHU BpPEMEHHU paboueld CMEHBI
BHENPSIIOT 1MGpOoBbIe NBOWHUKK. OHU CHOCOOHBI TOBBIMATH 3PHEKTHBHOCTH
MIPOU3BOJICTBEHHBIX MPOIECCOB HAa OCHOBE OOpPaOOTKHM OrPOMHOTO KOJIMYECTBA
JAHHBIX B KOPOTKHE CpokH. [Ipy moMOmM Takoro mojaxoja COBEPIICHCTBYIOTCS
KOHCTPYKIIMIO  TEXHOJIOTUYECKOTO  MpOLEecca,  MPOUCXOJUT  MOHUTOPUHT
TEXHOJIOTUYECKOW CUCTEMBI. Takol MOJAXO0J MO3BOJSET BBIABISATH HEHCIPABHOCTH
o0Opyl0BaHUs, OTKJIOHEHMs Ipolecca OT 3aJaHHbIX YCIOBUW M NPHUBOJUT K
ONTUMAJIbHOMY JIOCTUKEHUIO HEOOXOAMMBIX XapaKTEPUCTHUK.

B Takux mu@poBbIX JBOMHUKAX IIMPOKO MPUMEHSIOT HEWPOCETEBBIE METOJIbI
MozenupoBaHusi. COBpEMEHHbIE HEHPOHHBIE CETHU CIOCOOHBI CaMOOOydaThCsl MpH
yKa3aHUU 3a/IaHHBIX TapaMeTpoB Mpolecca 0O0pabOTKU. AHAIU3 CTaTUCTHYECKUX
JAHHBIX 00pabOTKH MPOUCXOJUT B PEKUME PEAIbHOIO BpeMEHU 0€3 BMEIIAaTeIbCTBA
B TEKYIIMA TMPOIECC H3TOTOBJICHUS IUIAHOBBIX wm3aenuid. I[lpum moGaBieHum
pa3NUYHBIX METOJO0B HEHPOCETEBOr0 MOJEIMPOBAHHUS, MOBBIIIAETCS HAJIEKHOCTD
IIPUHAMAEMBIX PEILICHUMN.

J1J1st TOBBIIIIEHUS TOYHOCTU TaKOW CUCTEMBI OYAET 11e1eCO00pa3HO 00ECIEUHTh
cOOp JaHHBIX O MPOLIECCE MPU MOMOIIHM HE JOPOTOCTOSIIIMX METOAOB U CPEJCTB, a HE
TOJIBKO C WCIIOJIb30BaHWEM 0a30BbIX METOJOB YIIpaBJieHUsI KauecTBOM (odopmiieHue
KOHTPOJIBHBIX KapT).

3amep mryma mpoiriecca oOpaboTKU JE3BUWHBIM U aOpa3suBHBIM MHCTPYMEHTOM
JaeT BO3MOXKHOCTh JIETAIbHO HW3YYUTh M ONTHUMHU3UPOBATH TEXHOJIOTUYECKYIO
cucteMy. CoBpeMeHHbIE TMOAXOAbl B 00padOTKE CHUTHAJIOB M HEMpOCEeTeBOM
MOJICITMPOBAHUN CTIIOCOOHBI Paclo3HaTh U OTJAEIUTh MPU3HAKHU JJIsl 3ByKa, KOTOPBIM

HE KacalTcs caMoro mpoiecca 00pabOTKHM. DTO  TO3BOJSIET  CO31aTh



MaTEMaTHYECKYI0 MOJIENb, CIIOCOOHYIO C MOBBILIEHHON TOYHOCTBIO M HAJIEKHOCTBIO
OIPENENATh BUJ U3HOCA NHCTPYMEHTA.

MHOro3a/1a4HOCTh TaKOM CHCTEMBI CHIOCOOCTBYET YJIYULIEHUIO MOHUTOPHHIA
TE€XHOJOIMUYECKONM CHCTEMBI IO BBISBICHHUIO JE(EKTOB PEXKYIIEro MHCTPYMEHTa U
IPOJIEHUIO ero pabodero BPEMEHHU, U MOMYTHO MPOBOAMUTH JAUArHOCTUKY KauecTBa
00pabOTaHHOI MOBEPXHOCTH.

[Ipobnema wnccienoBaHUsl 3aKJIIOUAETCS B MOBBILICHHOM IPOLIEHTE Opaka Ha
IPOU3BOJACTBAX IMPU OTCYTCTBUM JOJDKHOM METOAMKHA JUArHOCTUKH, a TaKKe
NOBBIIICHHBIE 3aTpaThl Ha pPa3jiW4HbIE METOABI JUArHOCTUPOBAHMS, KOTOpBIE HE
BCEI/la TMPUBOJAAT K IMOJIOKUTEIbHBIM pe3ynbTaraM. TakuM o00pa3oM, H3ydeHHE
HEJOPOTOCTOSIIEH U KAYECTBEHHON METOJIMKE TUAarHOCTUKU PEXYLIEr0 HHCTPYMEHTA
SBJIIETCS aKTyaJIbHOM MPOOIeMON.

OObexT uccnenoBanus. MeTosa TMarHOCTHKYU NPOLEcca pe3aHus.

[Ipeamer wuccnegoBanus. JlocTwkeHHME MeTOAa JMAarHOCTUKU Mpolecca
pe3aHMs C IOMOUIBIO0 PETUCTPALIMN 3BYKOBBIX CUTHAJIOB M ITOCJIEAYIOIIEH UX 3arpy3Ke
B HCKYCCTBEHHYIO HEUPOHHYIO CETb.

Ilens paboThl 3akiOo4yaeTcsi B CO3AAHMM METO/AA JIMArHOCTHKU PEXYIIETO
WHCTPYMEHTA MOCPEICTBOM 3BYKa IIPU MOMOIIN HEMPOHHOU CETH.

['unore3a paboOThHl 3aKIOYaeTCs B TOM, YTO IMPOLECC pE3aHUs MOXKHO
OTCICAUTh MPH IIOMOIIM 3BYKOBBIX CHTHAJIOB, a 3aT€M BBIACIWTh H3 HHX
CTaTUCTUYECKUE XapPAKTEPUCTUKU U 3arpy3UTh B HEHPOHHYIO CETh AJiA OOYYEeHHS U
IIPOTHO3UPOBAHMS CTENEHU U3HOCA PEXKYILET0 MHCTPYMEHTA.

3agaun:

— co0paTh OTEUECTBEHHYIO M 3apyOeXHYIO JUTEpaTypy HJid TNPOBEACHUS
TEOPETUUECKOI0 aHaIK3a Mo MpodieMaM U3HOCa PEXKYIIET0 MHCTPYMEHTa U
€ro JUarHoCTUPOBAHMS;

— 13 MPOAHATU3UPOBAHHOMN JIUTEPATYphI clieAyeT 000CHOBATh BHIOOp MeETOoIa
JUArHOCTUKHM, OMNUCaTh METOA U 0a3y UCClIeNOBaHUs, OCHOBa IO

HEUPOHHBIM CETSIM;



— TMpOBEIEHUE DOKCIepUMEHTa MO 3alkiCH 3ByKa TMpollecca pe3aHus,
perucTpupoBaHue curuajia Ha MUKpodoH, ¢poTodukcaius Gpacku U3HOCA;

— aHaJM3 3BYKOBBIX CHUTHAJOB IIpollecca pe3aHuss U BHIOOPKA W3 HUX
CTaTUCTUYECKUX XapaKTEPUCTHK, a TAK)KE BHECCHHUE UX B HEHPOHHYIO CETh;

— paspaboTaTh METOJ 3BYKOBOW TUATHOCTHKH IMPOLIECCa PE3aHus C MOMOIIBIO
HEUPOHHBIX CETEU.

JIist  MOCTYDKEHMsI TIOCTaBJICHHBIX 3a7a4 W TOATBEPXKIACHHUS BBIIBHHYTOMN

TUIIOTC3bI IPUMCHAINCH CIICAYIOIMUC MCTOAbI HCCICAOBAHNA!

— BEHBJIET-aHAJIN3 3BYKOBBIX CUTHAJIOB,;

— MpPOBEJEHUE HKCIIEPUMEHTA 3aMMCH 3ByKOBOT'O CUTHAJIA;

— CTaTUCTHYecKass oOpaboTKa JaHHBIX 3BYKOBOTO CHUTHaja (BBIACIICHUE W3
CUTHAJIa CTATUCTUYECKUX XAPAKTEPUCTUK);

— o00yucHHe HelipoHHOM cetn HeueTkoro BeiBosa (ANFIS) [21].
B uccrenoBanny UCNoOIh30BATUCH CICTYIOIINE METOIUKH:

— Mojenb HelpoHHOM ceTn HedeTkoro BeiBoaa (ANFIS, . Pomxkep);
— aHaJu3 3BYKOBBIX CUTHAJIOB Ha OCHOBE CTPOEHHUS CIICKTPOTPAMMBI;
— O0OBEKTHBHAS OICHKA KAa4eCTBAa CHUTHAJIA MO0 CTATHUCTUYECKHM ITapaMeTpam

(B.I'. Taktrakumsuiu, A.B. OBunnnaukos, O.b. Tlonos, B.A. AGpaMoB).

OkcnepuMeHTallbHast 0a3za wuccienoBanus W BbIOOpKa. OOIIyI0 BBIOOPKY
MCCJIEIOBAHUS COCTABIIIN 23 3BYKOBBIX CUTHANA, 8 W3 KOTOPHIX ObUIH MOTYUYEHBI TIPU
HOPMAJTBHBIX YCIIOBUSX OOpaOOTKM 3arOTOBKH, W 15 Mpu Bpe3aHWW MHCTPYMEHTA B

3arotoBKy. MccnenoBanue npoxoauio B TI'Y Ha TokapHowm ctanke 1K62.

Hayunass HOBu3Ha JaHHOW pabOThl OO0yCIaBIMBAETCS MOJTYYECHHEM HOBBIX
3HAHUW O 3BYKOBOM METOJI€ JUArHOCTUKH IpOLEcCa PEe3aHus, JAJIbHEHIIEro HX

HCIIOJIB30BAHUS U IMMPOTHO3UPOBAHUA N3HOCA PCIKYIICTO MHCTPYMCHTA.

TGOpCTI/I‘-IeCKaH 3HAYUMOCTb HCCICOO0BAaHHI. Ha ocHoBanumn IMMOJIYYCHHBIX

JaHHBIX MaFHCTepCKOﬁ Auccepramuu IpeaoCTaBJIACTCA BO3MOKHOCTH PCAIM30BaATb
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JaHHYIO pa3pa60TKy Ha NpCaAnpudaTUs pasiindHOIro MaciTadba ¥ UCII0JIb30BaTh MCTOJ

JIMarHOCTUKH TEXHOJOTHUYECKOHN Omepaluy ¢ MOCIeAyoIIeH ee JopaboTKOM.

HpaKTI/I‘IeCKaH 3HAYUMOCTD pa6OTI)I. HOHY‘IGHH&H o6yquHa;I MaTCMaTHYCCKasid
MOACIIb HCprOHHOfI CCTH HCUYCTKOI'O BbIBO/JA NPEACTABIIAACT MHTCPCC AJIA MHKCHCPOB-
KOHCTPYKTOPOB U IIPOIrpaMMHUCTOB B LCIIAX pCAJIU3AINN TAKOTI'O METOAa NHUATHOCTHUKHA

Ha OPEANpUATUAX PA3IMYHOIO MacTaoa.

JInmuHoe y4acCcTHueC aBTOpA B OpTraHU3aIUH U IIPOBCACHHUN MCCJICTOBAHUA.

— 0030p ¥ aHaTM3 HAYYHOU JIUTEpaTyphl 110 JaHHOH paboTe;

— TPOBEACHUE SKCIIEPUMEHTA U 3aIUCh MOJTYYCHHBIX TaHHBIX;

— TUTAHUPOBAHUE U TIPOBEJICHUE UCCIICIOBAHUS;

— 00paboTka MmosTy4yeHHBIX JaHHBIX B mporpammax FL Studio u MATLAB,;

— aMIUIMTYJHO-YaCTOTHBIA aHaJdW3 JaHHBIX W CO3JaHHEe Ha WX OCHOBE
MAaTEMATUYECKON MOJEI HEMPOHHOM CETH;

— paspaboTka MeToJa [UArHOCTHKM TIpollecca pe3aHusi Ha OCHOBE

IMOJIYYCHHBIX JaHHBIX.

AnpoOanysi ¥ BHEJIPEHUE PE3YJIbTaTOB pPabOThl BEJIHCh B TEUEHHE BCEIO
ucciuenoBanns. Marepuansl JUCCEPTALMOHHOTO MCCIIEN0BAHUA HAXOMATCS B IE4aTH

)KypHana ToIpATTUHCKOrO roCy 1apCTBEHHOTI'O YHUBEPCUTETA.

HOJ’IO)KCHI/ISI, BBIHOCHMMBIC Ha 3alIUTY.

— HCKYCCTBEHHBIN HMHTEIUIEKT CIOCcOOeH o0paboTaTh OOJIBIIOE KOJIMYECTBO
JaHHBIX, YTO OJIArOMPUATHO OTPaKaeTCs Ha Pa3IUYHBIX METOAax
JUATHOCTUKHM TIpollecca pEe3aHuss M OKOHOMHUT OOJIBIIOE KOJUYECTBO
BpEMEHH MW PECypcoB TPOM3BOJCTBA, IIOBHIIIAS KOHKYPEHTHOCTH
MIPEANPUATUS HA PHIHKE,;

— TpU TIOMOIIUA HCKYCCTBEHHBIX HEHPOHHBIX CETEe BO3MOXKHOCTH JIHO0OM
chepsl IeATEILHOCTH CTAHOBATCS Ha YPOBEHB BHIIIE, YTO MOATBEPIKIACTCS
MHOXECTBOM  TOJIOKUTEIBHBIX  PE3yJbTaTOB B  MEIMIIMHCKOM,
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CTPOUTEJILHOM, arpapHOW, CEIbCKOXO3SUCTBEHHOM, AaTOMHOM, W APYTUX
00y1acTsIX;

— Obula pa3paboTaHa METOAMKA AMArHOCTUKU MpOIlecca PE3aHusl Ha OCHOBE
W3BJICUCHUS 3BYKOBBIX CHTHAJIOB U3 TEXHOJOTHYECKOW ONepauuu |
BbIICJICHUS U3 ayauo¢aiIoB CTAaTUCTUYECKUX IIOKa3aTesiei, Ha OCHOBE

KOTOPBIX 00yyanach HEMpOHHAs CETh.
CtpykTypa paboThl COJICPIKUT:

— 36 pHUCYHKOB;

— 6 ¢popmy;

— 33 UCMOJIb3yeMbIX HCTOYHHUKA.
PabGora cocrour us:

— BBEJECHUS,

— 4 rnas;

— 3aKIIIOYCHHS,

— CIIMCKA UCHOJIB30BAHHBIX UCTOYHUKOB,

— IIPHIIOKCHUA.

Takum oOpazoM, naHHas paboTa BKIIOYAET B ceOsl peuieHue MnpoOIeMsl
JUArHOCTUKM M3HOCA PEXYLIEro MHCTPYMEHTa Ha OCHOBE HCKYCCTBEHHOTO
MHTEIJICKTa C MOMOIIBI0O HEHMPOHHBIX CETe Ha OCHOBE MCIIOJIB30BAHHS 3BYKOBBIX
CUTHAJIOB Tpoliecca OOpabOTKH C JajdbHEWIIUM BHEJIPEHUEM pa3pabOTKU B

MeTauiooopabaTsiBaroniye cranku ¢ YITY.



I'naBa 1 Pesxkyuiuii HHCTpPYMEHT M €ro H3HOC

1.1 U3H0Cc HHCTpYMeHTa pH 00padoTKe MaTepHaJia

Cpenn MHOTHX CIOCOO0B OOpaOOTKM METAJIOB pPE3aHHEM BaKHOE MECTO
3aHrMaeT 00paboTka pesnoM [3]. [Ipu BeIMoIHEHHH paboT MO 00paboTKe MaTepralia
TOKapHBIM PE3IOM TMPH JIIOOBIX YCIOBUSAX TIPOUCXOAUT H3HOC HMHCTPYMEHTA.
OOpaboTka MaTepuanga pPe3loM COIMPOBOXKIACTCS Pa3HOOOPA3HBIMH (HU3UICCKUMU
MPOLIeCCaMH, KOTOPbIE HETaTUBHO BIUSIIOT Ha CTOMKOCTh MHCTPYMEHTAa. ITO MOTYT
ObITh CHJIa pe3aHusi, CKOPOCTh pE€3aHMs, TeMIepaTypa B MOMEHT pe3aHus u
MPUMEHEHUE CMa30YHO-OXJIAKIAIONMINX XUAKOCTeH. B CBOIO ouepens, 3TH (aKTOphI
OKa3bIBAIOT BO3JICHCTBHUE HA CTOMKOCTh MHCTPYMEHTA M BBI3BIBAIOT TEMIEPATYPHBIN

U 1e(pOpMaLIMOHHBII U3HOC.

MexaHuueckoe H3HAalUIMBaHWE paOdOYUMX TpaHEd HWHCTPYMEHTa OKa3bIBaeT
BJIMSIHUE Ha €ro paboToCrnocoOHOCTh. M3HammBaHue pexylero MHCTpyMEHTa IpU
pe3aHuM SIBJISETCS OYEHb CIOKHBIM IPOLIECCOM, 3aBHCSIIUM OT MHOTHUX (DaKTOPOB,
TaKUX KaK BO3JEHCTBUE BBICOKMX CHJI M TEMIEPATYP, & TAKKE BO3ACHCTBUE BHEIIHEN
cpensl. IIpu mpouecce 00pabOTKHU pe3aHHEM BO3HUKAET TPEHHE MEXIY pPexylei
KPOMKOM M MATEpHAJIOM 3aroTOBKM. OJTO MPOUCXOAUT H3-3a YBEJIMYCHUS
TeMmneparypbl. YacTuipl maTepuana HAIANAOT HAa TOBEPXHOCTh HMHCTPYMEHTA H
wiactuyecku aegopmupyrorcs. «IIpoucXonuT BbIpbIBaHHE YacTHI] Ha IepeaHen
MIOBEPXHOCTH HMHCTpyMeHTa» [6]. A Takke W3HAIIMBACTCS 3aIHSsA MOBEPXHOCTH

MHCTPYMEHTA.

W3HammBanue MOBEPXHOCTH MHCTPYMEHTA B pe3yJbTaTe NaBJICHUS TBEPIbIX
qacTull 00pabaThIBaEMOro MaTepuaa CHUXKAeT pecypc pesma. BcermeactBue dero,
MOXKET TMPOU3OWUTH OTCIAaMBaHUE PEXKYIIeH KPOMKH, HW3MEHEHHE T'€OMETPHH,

BBIKpAITUBAaHUE U TTOJIOMKA HHCTpyMeHTa. «lIpruunHaMu Takoii Harpy3Kd MOTYT OBITh



CWIbHbIE BUOpaluu Hpu 0O0pabOTKe, BHICOKMI H3HOC IJIACTUHBI, OOJBIIONW CIION

CHMMaeMOro MaTepHalia, BRICOKas mojava u apyroe» [15].

Ctour OTMETUTh TMSATh OCHOBHBIX MEXaHHU3MOB HM3HOCA  PEXKYLIETOo
UHCTPYMEHTA, KOTOPbIE HETAaTUBHO BIUSIOT HA PEXYIIHE KPOMKH U UHCTPYMEHT MPHU
o0paboTke MmarepuaioB. AOpa3suBHBIH MEXaHM3M HW3HOCA OCHOBBIBAETCS Ha
B3aMMOJICHCTBUM MEXAYy aTOMaMU M MOJIEKYJaMH TOBEPXHOCTEH WHCTPyMEHTa U
matepuana. [IpoucxoauT TpeHHE MHKPOYACTHUIl MaTepuajga M IMOBEPXHOCTHU
UHCTPYMEHTa, 4YTO TMPUBOAUT K u3Hocy. Juddy3uoHHbli wu3HOC — 3TO
IPOHUKHOBEHHUE YACTHI] MaTepHalia 3aTOTOBKM B TIOBEPXHOCTh MHCTPYMEHTa. Takoi
IPOLECC CHUMXKAET H3HOCOCTOMKOCTh WMHCTPYMEHTA, U INPUBOAUT K TpPELIMHAM U
CBOEBPEMEHHBIM pacKoaM MaTepuaia. /JoBOIbHO YacTO TaKOe MPOUCXOINT B CIIydae
CXOXHMX TI0 XapaKTEPUCTHKaM MaTepuaia, W3 KOTOPBIX M3TOTOBICH HMHCTPYMEHT U
3aroToBKa. TpeTnii MexaHu3M u3Hoca — 310 okcuaupoBanue [18]. On nmpoucxoaur B
pe3ylbTaTe BBICOKOW TEMIEpaTypbl, JaBICHHUS W KOHTAKTE€ C KHUCJIOPOIOM, YTO B
CBOIO 04epe/ib YCKOpSEeT Ipolecc 00pa3oBaHus OKCUAHON mieHKU. CylecTByeT ene
anre3VOHHBIA M3HOC — 3TOT MEXaHU3M OCHOBaH Ha KOHTAaKTE€ WHCTPyYMEHTa U
3arOTOBKH, TIOCPEICTBOM HAJMIIAHWA ¥ BBIPBIBAHUS 4YacTHI[ MaTepuana. B
OOJBIIMHCTBE CIy4yaeB TaKOH H3HOC MPOUCXOAUT IMPU BBICOKOM JIaBJICHUU U
Temreparype. Y CTaIOCTHBIA MEXaHU3M H3HOCA OOBICHSETCS Harpy3kaMu, KOTOpBIC
MPOUCXOAAT UUKINYHO B 30HE 00paboTku. M3-3a 3TOro Marepuan HaKarulMiBaeT
HOBPEXACHUS BCIEICTBUE YEro, oOpa3yroTCsl TPEUIMHbl U HaJpbIBbl. B KOHeYHOM
cdeTe 9TO MPUBOAUT K OJHOU TITyOOKOW TpEIIMHE B MaTepHale U MPOUCXOIUT U3HOC
uHCTpyMeHTa. Kaxxnpli 13 mepedncieHHbIX MEXaHW3MOB H3HOCAa YHUKAJEH IMO-
CBOEMY, U METObl PEHICHHs] KaKIAOro M3 HHUX pasHble. OAHAKO, MX OMpenessioT

OCHOBHBIC ITapaMETPhbI — 3TO BBICOKAd TEMIICpATypPa U JaBJICHUC B PCIKUMEC PC3aHNA.

[ToMrMO MEXaHM3MOB U3HOCA CYIIECTBYIOT PA3JIMYHbIC BUABI H3HOCA, KOTOPBIE
MOXHO YBUJIETh @pHU TEXHOJOTHYecKoW omeparuu [5]. OamH U3  caMmbixX
paclpoOCTPaHEHHBIX BHUJIOB — M3HOC IO 3aJHEW IOBEPXHOCTH HHCTpyMeHTa. [lpum

HAIM4YUM aOpa3WBHBIX YaCTHI[ B CTPyXKe Wi oOpabaTbiBaeMOM MaTepHalie
9



MPOUCXOIUT UCTHPAHUE 3aHEH MOBEPXHOCTU UHCTpyMEHTa. AOpa3MBHbBIE YaCTHIIbI
MOTYT ObITh O0Jiee TBEpJBIMH WM OCTPHIMH, YTO yBEIMUYMUBAET WM3HOC. Takxke mpu
aOpa3sMBHOM MEXaHU3ME M3HAIIMBAETCA BEPIIMHA PEXKYIIEr0 HWHCTPYMEHTa, a
MMEHHO CKpyTIJIIeTcs U 3aTymisercs. Takod BUA M3HOCAa HAOIIOJAeTCs Mpu paboTte
METYMKOB, MPOTSKEK, (PACOHHBIX PE3IOB, IMIMHApUYECKUX (pe3. JlaHHbI BUI
M3HOCA BO3HHMKAET B KAKJIO0M orepanuu oOpadOTKH 3aroToBOK. M3 BCcex BUIOB M3HOCA
BBIIIETICPEUNCIICHHBIN CaMblil TOAXOASIINN 11 HAanboJiee TOYHOTO pacueTa BpeMeHU
paboTHl peXxyIIero HHCTpyMeHTa 0e3 BcroMorarenbHON TexHukd. [Ipu yBenuueHuu
dacku M3HOCA MPUXOJIUTCA yBeIWUMBaATH cuily pe3aHus. [lpu dacke mo 1 Mmm,
CJIElyeT MOBBICUTH cwily pe3aHuss 10 30-70% B 3aBUCMMOCTH OT OIPEIEICHHOIO
pa3mepa (acku. Takke MOXKHO NPOU3BECTH 0a3MpOBAaHUE pe3la OTHOCUTEIBHO

34dI'OTOBKHU AJIA ITOJYYCHHA HANBBLICHICTO KAYCCTBA O6pa6OTKI/I.

Bropoli BHa u3HOCAa — 3TO HAPOCTBI HAa pPEXyIIen KpoMmke. Bcieacrue
CXOXECTH MAaTEpHalOB y 3arOTOBKM M HHCTPYMEHTA, a TaKXE€ MPU BBICOKOU
TEMIIEPATypEe B 30HE PE3aHUs, IPOUCXOIUT MMPUBAPUBAHUE YaCTULl. be3 nmpuMeHeHus
COX wu miacTUHBI C HU3KOM HW3HOCOCTOMKOCTBIO TaKOW BHMJ H3HOCAa OyJleT
peryispedH. Bcé »5To cBOWCTBEHHO Tipu paboTe C IBETHBIMM MeETajllaMu,

HCPIKABCIOIINMHU CTAJISAMHU.

[Tnactuueckas aedopmarys IacTUHBL. TakoW BHA HM3HOCA XapaKTEpeH IS
TOKAPHBIX ONEpaluid, KOTOPBIE COPOBOXKIAIOTCS BEICOKOM TEMIIEPATYPOM B CBA3KE C
naBieHueM B oOnactu pes3aHus. llpoucxoautr reomerpuueckoe H3MEHEHHE
IUTACTUHBI, YTO B CBOXO OYEpE/b 3aTYIUIAET IJIaBHBIM YroJl B IUIaHE. JTO MPUBOAMT K
HEKAueCTBEHHOW 00pabOTKe 3ar0OTOBKU M YBEIMYMBAET KOJMYECTBO Opaka. ITOT BUA
nedopMalui 4acToO CBSI3aH C MCIIOJIb30BAHMEM HETPABUIIBHBIX PEXKUMOB pPE3aHMS,
HEJOCTATOYHOM JKECTKOCThIO CTaHKa WM HENpPaBWIbHBIM BBIOOPOM MaTepuaa
pesua. [nsg npenoTBpallieHHs] IUIACTUYECKOM — AepopMalud  PEKOMEHIYETCs
WCIIOJB30BaTh pe3lbl C BBICOKOM IPOYHOCTBIO M TBEPAOCTBIO, ONTHUMHU3UPOBATH
peXuMBl pe3aHus, oOecrneyuTh A(PPEKTUBHYIO CMa3Ky U OXJAXACHHE, a TaKXKe

KOHTPOJIMPOBATh YPOBEHBb HANIPSDKCHUM U Tehopmaruii Ha pexKyIIe KpoMKe.
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JlynkooOpa3zoBaHue Ha TepeHeld IMOBEpPXHOCTU. BceieacTBue BBICOKOM
TEMIIEpaTypbl B 30HE pE3aHUd MU XUMHUYECKOW peakluud O0Opa3yroTCs JyHKH.
Jledopmarusi TIacTUHBI, KOTOpas XapakTepHa npu aud@y3noHHOM U abpa3uBHOM
M3HOCE. bobII0€ KOIMYECTBO JIYHOK IPUBOAUT K Pa3pyILICHUIO IJIACTUHBI, @ HUMEHHO

OTKAJIBIBAHWIO KYCKOB MaTcpHrajia.

TepmoTpemMHbI — 3TO €nle OAUH BHUJ U3HOCA. BO3HUKAIOT NEPIIEHANKYISPHO
PEXYIIEN KpPOMKE. TepMuueckue TpemuHbl 4Yamle BCEro BO3HUKAIOT IIpU
¢pe3epoBaHuyu, KOTJa MPOUCXOOUT oOpaboTKa Topua WM  IPUMEHSETCS
NpepbIBUCTBI  pexxuM. Ilpum TokapHOW 00pabOTKE TEPMHUYECKHE TPEUIMHBI
BO3HUKAIOT M3-3a HepaBHOMepHOW mnoxaun COXK. HaumbGonee xapakTepHbl Aiist

YCTAJIOCTHOT'O MEXaHU3Ma U3HOCA.

[Tomomka turacTuHBL. XpyIKOe paspylieHHe Marepuana, IpH KOTOPOM
WHCTPYMEHT Cpa3y MPHUXOJNUT B HETOJHOCTh. JlanbpHEHMe AecTBUSA TI0 00paboTKe ¢
HUM YK€ HEBO3MOXKHBI. JTO YBEIWYMBAET Opak 3aroTOBOK, a TaKXE HapyIIaeT
TEXHUKY O€30MacHOCTH Ha TMPOM3BOACTBE M MOXKET NPHUBECTH K JaTbHEHIIAM
TpaBMaMm i padodero. [Ipu obmaMbIBaHUM MHCTPYMEHTAa HEOOXOIUMO 3aBEPIIUTH
OMEpalvi0 W CMEHUTh IUIAcTUHY. [lOJOMKH MpPOUCXOIAT H3-32 BBICOKOW CHIIBI
pe3aHusi, oIa4yM, TIIyONHBI pe3aHusl, U3MECHECHUN T€OMETPUN MHCTPYMEHTA, XPYITKON
MapKy CTajii, a TaKkKe MPH HEMpPaBWIHHON dKCIUTyaTaluu. B COBOKYITHOCTH ABYX U
0oJee MepeYrCICHHBIX (DAKTOPOB MPOUCXOIUT MOJIOMKA HHCTpYMEeHTa. Takke CTOUT
YUYUTBIBATh BpeMsi paboThl mHCTpyMeHTa npenycmorpeHubiMm ['OCT 25751-83. Ilo

TaKUM MpooOJieMaM BO BCEM MHUPE BEIYTCS IKCIIEPUMEHTATbHBIE UCCIIEIOBAHUS.

B coBpeMeHHOM MPOM3BOJCTBE CYIICCTBYIOT PEIICHUS] MPOOJIeM C BUIAMHU
M3HOCA PeXYIero nHeTpyMeHnTa. OqHuM U3 cnoco0oB 0OPLOBI C U3HOCOM 10 3aHEH
MOBEPXHOCTH HMHCTPYMEHTA SIBIISIETCS  WCIOJB30BaHWE OoJiee TPOYHBIX U
JOJITOBEYHBIX MAaTEePHAIOB C BBICOKOW TBEPAOCTbIO MM TOKPBITHEM, KOTOPBIC
yJIyYIIAlOT HW3HOCOCTOMKOCTh [16]. Takke onTuMm3anus IMpolecca pe3aHus,

MpaBuJIbHAST HACTPOMKA CKOPOCTH pE3aHusl, MOJa4Yd W TIyOWHBI pPE3aHHs, YTOOBI
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MHUHHUMU3HUPOBATH H3HOC HWHCTPYMCHTA. MOXHO HCIOJIb30BaTh OXJTAXIACHUEC HIIN
CMasKy, YTOOBI CHH3HTH TPCHUC KW TCEM CaMbIM YBCIUYHUTL CpPOK CJ'Iy}K6I>I

WHCTPYMEHTA.

[IpobGyieMbl ¢ HAPOCTOM Ha PEXKyIIEH KPOMKH TaKKe HUMEIOT CBOE PEIICHUE.
VYBenuueHne CKOPOCTH PE3AHUS U MOJAYU. DTO MOMOKET CHUZHUTH JI0JITOBPEMEHHBIIM
KOHTAKT MaTepualia pe3iia U 3aroTOBKH, a TAK)XKE MCKIIOUUT XUMHUYECKYIO PEAKIHUIO.

[Mpumenuts COX B 00UTBHOM KOJHYECTBE.

[Ipu mnnmactuyeckod npeopManvyd TUTACTHHBI CIEIYET CHU3UTh CKOPOCTh
pe3aHusl M YMEHBIIUTh MOJady. DTO TMO3BOJUT HM30€KaTh M3MEHEHHS] T€OMETPHUU
pesna. A Takxke IpeasiaraeTcsi CMEHUTh pe3ell Ha 0osiee CTOMKUN K IJIaCTUYECKOM

I[e(l)OpMaI_[I/II/I, n3 6osee TBCPAOI'o CIlJIaBa MCTAJIJIOB.

JlynkooOpa3oBaHue B TIpOIlECCE€ TEXHOJOTMYECKOW Omepaiuu ociiadiseT
PEXYIIYI0 KPOMKY. OTO JOBOJIBHO YacTO€ SBIEHHE, KOTOPOE CIEAYET PEUINUTH
M3MEHEHUEM CKOPOCTH PE3aHUs, & UMEHHO CHMXEHHUEM. TaKke CMEHHUTh pe3el, Y
KOTOPOIr'0 YroJ PEXYIIEH KPOMKH OTKJIOHEH B IOJIOKUTEIBHYIO CTOPOHY OT OCH
WHCTpyMeHTa. Takas reoMeTpus peslia MOo3BOJISIET TOCTUYD JIyuliel 3Qp(heKTUBHOCTH

pE3aHus U YIYUIIHUTb IIPOU3BOJUTCIBHOCTL HHCTPYMCHTA.

[IpoGnema ¢ TepmoTpemuHamu B oOpaboTke. B pesynbTaTe mpephIBUCTOTO
MOJIBOAA K 3aroToBKe, 00pasyroTcs TepMoTpeuiuHbl. Crlemyer HOpMaIu3upOBaTh
MOCTOSTHHYIO TIOJIady CMa309HO-OXJIAXKIAOIICH KUIKOCTH, BBIOPATh TEPMOCTONKYIO

MAapKy TBEPJOIO CILJIaBa, BBIPOBHATH 110J1a4y U CKOPOCTh PE3aHU.

Jlist HopManu3anuu paboThl PEXKYIIETO MHCTPYMEHTa 0€3 MpeKIeBPEMEHHOM
MOJIOMKH CJIENYET HACTPauBaTh ONTHUMAJIbHBIE MAapaMeTPbl CKOPOCTH pE3aHUS U
nomauu. [Ipennaraercst BIOUpaTh O0JI€E MPOYHYIO MAPKY CTAH, YMEHBIIUTH MOy
U ryouny pesanus. I BEIOpaTh pesell, ¢ 10CTaTOYHO TOJCTOM MJIACTUHOM M OCTPBIM

YIJIOM B IIJIaHE.
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MexaHu3Mbl HM3HOCA B TEXHOJOTMYECKUX OIEpalusx HE HCKIOYEHBI, a
JIOCTaTOYHO TOBCEMECTHbl. WM 3a mMoJoMKaMu pe3loB CJIeAyeT Co0JoaaTh
ONpEICJICHHbIC TPaBUJIa SKCIUTyaTallud M NPEXICBPEMEHHO HU30€rath MOJOMKH
WHCTPYMEHTA TIOCPEJCTBOM CIIEKKH 3a TpoleccoM oOpabotku. Heobxomammo
MPOBOJAUTHL  MOHUTOPUHI  TEXHOJIOTHYECKOW  omepanuud. OIDTO  MPEAOTBPATUT
BHE3AMHYI0 TOJIOMKY  pEXKYIIEro HHCTPYMEHTa M  TOMOXET  YBEJIUYUTH

paboTOCTIOCOOHOCTh CUCTEMBI.

1.2 KoHTpOJIb ¥ aHAJIU3 PeKyLero HHCTPYMeHTa

Ha naHHBII MOMEHT CyIIECTBYET MHOXECTBO CIOCOOOB ISl MOHUTOPUHIA
COCTOSIHHSL pexymiero uHcTpyMeHta [9]. Ha naHHBIE MOMEHT B COBPEMEHHOM
IIPOU3BOJICTBE CaMbIil IPOCTOM COCOO KOHTPOJISL U3HOCA — 3TO JATUYHUK. Y CTAHOBKA
JaTYMKa He TpeOyeT OONBIIMX 3aTpaT U MPU 3TOM Takas cUcTeMa (PYyHKIUOHUPYET U
IPUHOCHUT II0JIb3y. YCTAHOBKA JaT4YWKa Ha OTCIEKUBAHWE BEPUIMHBI PEXKYILErO
WHCTpyMEHTa paboTaeT mo Takomy mnpuHiuny. C Kaxaod HOBOW 3aroTOBKOM,
PEXYIIMA HMHCTPYMEHT HCTHPAeTCsl M JAaTYMK BBIHOCUT 3Ty HH(OpMalMIO Ha
HEOOJIbLION PKpaH B BUJIE 3HAUEHUS BEPIIMHBI HHCTpYMEHTa B MM. Ha ocHOBe 3T0OTO
MOXHO JIeNaTh BBIBOJbI HAa Kakoe BpeMs XBaTUT o00paboTaTh MOCTaBIEHHOE
KOJIMYECTBO JI€TaJIel Ha CMEHE.

Hanublii ciocod >P¢GeKTHBEH, HO BO3HUKAIOT CYIIECTBEHHBIE MPOOJIEMBI C
U3MEpPEHUEM TeMIepaTypbl pe3aHus, CHIIbI MOJayd, W HajJajJku obopynoBaHus. B
OonpIMX 00BEMax MPOM3BOJCTBA TAaKUE MapaMEeTphl CIEAyeT YUYHUThIBaTh, OJIHAKO
Croco0 C JaTYMKOM M3MEpSET TOJbKO OJHY BEJIUYHMHY, BOMPOC — HACKOJIbKO
2 (dEeKTUBEH TaKoW CITOCOOHA MPEANPUIATUA MUPOBOTO MacITada.

MOHUTOPUHT TEXHOJOTUYECKOM ONEpalMM TaKXKe MOXHO MPOBOAUTH IPH
noMomy HUPPOBBIX CHUMKOB Tmponecca. [Ipm HCHOIB30BaHMM KaMmepbl ¢

MHOT'OKPATHBIM 3YMOM, 6y,HYT BUAHBI BHABI U MCXAaHHM3Mbl M3HOCA, 4 C IIOMOIIBIO

13



OTPENICICHHOTO0 MPOrPaMMHOTO 00€CTIeYeHHUsI Ha OCHOBE OTCIIEKUBAHUS Pa3HOCTU
CHUMKOB MPEAOCTABIISIETCS BO3MOXKHOCTH BBISIBUTh MEXAaHM3M HM3HOCA M HACKOJIBKO
JIeTae pexyIero MHCTpyMeHTa OyIeT XBaTaTh.

Cy1ecTByeT Croco0 OTCISKHUBAHKS U HAJAJIKU TEMIIEPATyphl B 30HE PE3aHUs.
Jns 3TOro ycraHaBimMBaeTCs JAaTdUMK Temmeparypbl. [lo xomay TexHOMOrm4eckou
omepalii W HW3MEHEHHS pPEeXUMa pe3aHusi, MPOUCXOJIUT HArpeB 30HBI, TJIE
MIPOUCXOUT U3HOC MHCTPYMEHTa. I mpeaoTBpalieHus TEPMOTPEIINH U MeperpeBa
WHCTPYMEHTA MpH TOMOIIM TEPMOJATYMKA BO3MOXHO HACTPOUTH ONTUMAJIbHBIN
PEXHUM pe3aHus U TPEAOTBPATUTH CKOPBIA M3HOC MHCTPYMEHTA.

B coBOKkymHOCTH BCeX BBINICTIEPEUYHCICHHBIX METOJIOB BBITEKACT HambOoJjee
CIOXHBIN. B X0/1e 00pab0TKH 3aroTOBOK U3MEHSIOTCS apaMeTphl TEXHOJIOTUUECKOMN
ormepanud. OJTO MOXET ObITh cujla pe3aHus, BHOpalMud CTaHKa, IIyM
anekTpoaBuraresd. [Ipu moMomm 1aTYNKOB 3TO BCE MOKHO OTCIICIUTh U MPOU3BECTU
cOOp JaHHBIX.

JlaHHBIE O TIPOLIECCE MPOXOAAT aHAJIU3 M HY)KHbIC MMApaMeTpbl MPU MOMOIIH
OTPENICICHHOT0 aJrOpUTMa BBISIBJICHUS HYXKHBIX XapaKTEPUCTUK OMPEACISIOT
CTEIMEHb M3HOCA PEXKYILIEro MHCTpyMeHTa. J[Jisi TAKOro MeTojla, Kak yTBepkKAaeT A.
KaTpiruH, MOXXHO TOAKIIOUUTh «CTATUCTUUYECKHUE METOJAbl C TOCTPOCHUEM,
HanpuMep, PErPECCHOHHBIX MOJICNIEN, a MOTYT HCIOJb30BaTbCS W METOJbI
MalMHHOTO  00y4eHus. Jljns »3TOro  MOXHO  HCIOJB30BaTh  KaKHe-JIHOO
KJIACCU(UITUPYIONTINEC HEUPOHHBIC CETH WIIM METOJIbI KitacTepu3arumy [14].

B cratee KokapoBieBa paccMmaTpuBaercs CHoco0 JIUAarHOCTUKH HM3HOCA
PEXKYIIETO0 HMHCTPYMEHTA MOCPEACTBOM  YCTAHOBJIEHMSI B  30HE  pPE3aHHs
MbE30AKCEIEPOMETPOB M TMOJYYEHHS  ONPEIACNICHHBIX  4YacTOT W HX
noropudmupopanue. Kokaposues Banepuit BacunbeBud n3naraer, 9To «CHUTHAIBI OT
nbe30ompeoOpa3oBaTesi, YCTAaHOBJIGHHOTO B  30HE  pe3aHUs, YCUJIMBAIOTCS
JOTapu(PMUYECKUM YCUIIUTEIEM M MOCTYNaloT Ha OJIOK MapajuIeNIbHBIX TMOJOCOBBIX
GUIBTPOB, a 3aTE€M BBIIPSMIISIOTCS ABYXIIOIYIIEPUOTHON CXEMOM, 3aTeM CHUTHAJIbI

pa3OuBaroTCs Ha J1Ba MOTOKA U MEPBbIM MOTOK MOCTYNAET Ha IOPOTOBBIE YCTPOKUCTBA
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IIEPBOM TPYyMNIBI, & 3aT€M HA BPEMEHHBIC 3aJCPXKKU, IPUYEM 3aICPKKU UMEIOTCS HE
Ha BCEX KaHajaX. JDTO HEOOXOJUMO BCIEJICTBUE TOrO, YTO MUMIIYJBbCHI, UIYIIUE C
BBINPAMUTENCH, MOTYT OBITh CABUHYTHI MO (paze M MOPOTOBBIE YCTPOMCTBA MOTYT
cpabaTblBaTh HEOJHOBPEMEHHO. BBeneHue 3aaepkek, WIM KpaTKOBPEMEHHOE
3alIOMHHAHHE MTOCJIETIOPOTOBBIX COCTOSHUWA MOBBIIIAET OBICTPOJIEHCTBHE YCTPOMCTBA
BO MHOTO pa3. [Ipn 01HOBpEMEHHOM NOCTYTUIEHUN UMITYJIbCOB C JINHUEN BPEMEHHBIX
3aJiep’KeK cpabaThIBAET CXEMa COBIAJCHHUI U. BKIIOYAET TPUITEP KAaCAHUS, KOTOPBIN
MOKET, OBITh OTKJIOYEH TOJIBKO €CJIM 3HAYEHHUS CUTHAJIOB HA BBIXOAE YCHIMTENIEH
OyAyT HUKE YpOBHEH NOpPOrOB BTOPOM I'pYIIBI, B 3TOM ClIy4yae cpadaThIBaeT cxema
COBIIQJCHUsI W BKIKOYACT YCTPOMCTBO, BBIJAIOLIECEC CAVWHUYHBIM  HMILYJIbC
OTHOBPEMEHHO HA OTKJIIOUECHHME TPUITEpa KACAHUSA M HA BKIIOYEHHE JIOTUYECKOIO
YCTPOMCTBa, KOTOPOE OCYILIECTBIISIET IMPOBEPKY HecpadaThIBaHUS YCTPOWCTBA B
TEYCHUE BPEMEHH, ONPEHEISIEMOr0 EPEXOJHBIM IIPOLIECCOM, DTO AENIACTCA C LEIbIO
3aIlUThl YCTPOMCTBA KaCaHUS OT JIOKHBIX CpadaThIBaHUM, 00YCIOBICHHBIX yAapaMH,

paboTo¥ MEXaHU3MOB U T. T1.» [7]

OcHOBOI1 B 3TOHM cuUcCTeME CIY>KUT cOOp HMHPOpManUU ¢ MHUKpPOPOHA IS
JadbHEUIle UarHOCTUKHU TIpoliecca pe3aHuss M YCTPAHCHHS TPUYUHBI CKOPOTO
n3Hoca umHcTpyMeHTa. [IpoGiemMoit JaHHOTO YCTpONCTBa SIBIIIETCS CIIOXKHAs cXema
YCTaHOBKHU Takoro obopynoBanus Ha ctaHok ¢ UIIY u nanbHeiliee aeiictBue ¢ Hell.
Cam cnoco0 SsBJISIETCS OCHOBOIOJIO)KHUKOM 3BYKOBOTO OTCJICKMBAaHMSI HM3HOCA
WHCTPYMEHTa U TpeOyeT JopabOTKM TakOM CHCTEMBbl C HCIIOJIb30BAaHUEM
COBPEMEHHOI0 000pYyJOBaHUSI C HUCIOJIb30BaHUEM HEHPOHHOM CETHU IJii TOYHOTO
coopa mHpOpManMM O mpolecce pe3anus. Kpome Toro, B Takod cxeMme BaKHA
SKOHOMHYECKAs 4YacTh, @ TAKXKE COBMECTUMOCTh HECKOJIbKUX CTAHKOB C TaKOM
CUCTEeMON B OJHY OOJBIIYI0 00JacTh JAHHBIX IS JadbHEWUIEero WHTErPUPOBAHUS
uMU Ha mpennpustuu. JlommkHa OBITH MaKCUMallbHAas TOYHOCTHh JAHHBIX TaKoOU

CUCTECMbl 1 MUHUMAJILHBIC 3aTPaThl HA 060py110BaHHe.

Npamenko A.Il. 3asgBiuser, 4YTO «B TIOCIAEAHUE TOABI MPEAJIararoTCs

pa3H006pa3HI>1e MCTOJIbI KOHTPOJIsI COCTOAHUA HMHCTPYMCHTA, HO B IIPOU3BOJCTBC,
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OCHOBHOE€ TMPUMEHEHHE MOJYUYUIIU METOAbl KOHTPOJISI MO YCHUJIMIO pE3aHusi U 10
noTpebisieMoMy TOKY, a Takke N0 mnapamerpaM BuOpauuid. CrenoBareiabHO,
COBMEUICHUE METOJa KOHTPOJS MO YCWIMIO PE3aHUs U 3BYKOBOMY JaBJICHHIO
(BuOpoakycTuyecKkue KojebaHus) MpU OIEHKE CTOMKOCTH PEXYIIEr0 MHCTPYMEHTa
ABJISIETCA HanbOoJee yA00OHBIMA METOJIAMH KOHTPOJIS, KOTOPBIE MOXHO MPUMEHSThH B

pou3BoACTBe» [12].

1.3 PazanuyHble JUATHOCTUKHU MPOLEcca pe3aHus

Jlnarnoctuka rmporecca pe3aHusi MPOUCXOTUT PA3TUUHBIMU criocobdamu [31].
OcHOBHas 3a/1a4a — 3TO JOCTUYh HAMBBICIIETO 3HAYCHUS BPEMEHHU PaOOTHI PEXKYIIErO
UHCTpyMEeHTa. B TpagullMOHHOM BHUJE, KOHTPOJIb PEXYILIEr0 HWHCTPYMEHTa
IPOUCXOAUT TOCPEICTBOM BU3YyalIbHOTO ocMoTpa. OmepaTop HArisgHO BHIUT BCE
nedekTsl pe3la (M3HOC, CKOJIbI, TPEIUHbI). Takas OleHKa HHCTPyMEHTa He Tpelyer
rno0anpHOW pa3pabOTKM JUArHOCTHKU Ipolecca M HKOHOMUT MaTepuajbHbIC
cpenctBa mpeanpusaTus. OgHAKO, BU3YyaIbHBI OCMOTP WHCTPYMEHTa HE SIBISETCS
HSKOHOMUYHBIM B IIJIaHE BpeMeHHU. Takxke, ClelyeT y4WUThIBaThb TOT (haKT, 4TO HE
Bcernma (acka wW3HOCAa WM BBIKPAIIMBAHWUE OTYETIIMBO BHUIHBI Ha PEXYyIIEM
WHCTPYMEHTE, B TAKOM Cllydae CieayeT MPUOETHYTh K YBEIHMUUTEIbHBIM MPUOOpaM
u3MepeHus u3Hoca. Kak cneactBue, omeparop TpaTuT BpeMs pabouell CMEHbI Ha
IpephIBaHUE Tpoliecca 00paboTKM AeTaneil TUarHOCTHKOW PEXyIIero HHCTPYMEHTA.
Taxke BU3yaJIbHBI KOHTPOJIb HE d(D(PEKTUBEH, YTOOBI BBISIBUTH CKPBITHIC T€(PEKTHI,
KOTOpbIE MOTYT MNPUBECTH K IOJIOMKE HE TOJBKO pe3lla, HO U 3aroTOBKH C
000py10BaHUEM.

CrnenyrommM 3TanoM OTCIEKHUBAHHUS TUATHOCTHUKUA MOXHO MPOU3BOAUTH C
MIOMOIIBIO CIIEIUANBHBIX JaTYMKOB. ITO MOTYT OBITh JUHAMOMETPHI, JJIsI H3MEPEHUS
CHJIbI, JIEHCTBYIOIIEH Ha WHCTPYMEHT BO BpeMsi 0O0pabOTKH, pa3IndHbIe

MbE302JIEKTPUIECKHE CEHCOPHI JIsl OTCIICKUBAHUS KoJieOaHui mporiecca 00padoTKH,
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a TaKkKe TEH30JIaTYMKU, KOTOphIE CIYKAT ISl U3MEpeHus Jnedopmanuu maTepuasa
MoJ BO3/ACHCTBUEM CHUJIbL. Takoi crmoco0 TOCTATOYHO XOPOWIUM JUIsi HEOOJIBIINX
NPEANPUATANA U HE TpeOyeT OTrpOMHBIX 3aTpar, HO NMPUMEHUB TaKWe JATYUKH Ha
npeanpusatuu, Takue kak «SIEMENS», Bo3Hukaer 3amaua CIIOKHOCTH YCTaHOBKH
TaKUX JTaTYUKOB Ha KKJIOM cTaHKe. Takxke OOJBITMHCTBO JATYMKOB UMEIOT HU3KYIO
YyBCTBUTEIHHOCTh B HEOOXOJAMMOM JAHWaNa30HE W3MEPEHUS W OTPaHUYCHHBINA
JMana3oH H3MEPEeHHM, a JaT4yuKU C OOIIMPHBIM JMAMa30HOM HMMEIOT BBICOKYIO
croumocth [1]. Cnemyer ydecTs KaTHOPOBKY W TOYHOCTB. J[JIs1 BBICOKOTO KBaJHMTETa
JeTaNM JTaTYUKU JIOJDKHBI UMETh BBICOKYIO TOYHOCTh M MPABWIbHYIO HAJIAJKY JIS

MIOJTHOM pab0OTOCTIOCOOHOCTH CTAaHKA.

«Cpenn  CyHIECTBYIOIIMX METOJOB JUArHOCTUKH COCTOSIHUSL PEKYIIEro
WHCTPYMEHTa BHUOPOAaKyCTUYECKass JUArHOCTUKAa  BBIJACISIETCS  CIEAYIOIIUMHU
OpPEeUMYIIECTBAMU:  MPOCTOTAa  pealu3allud W OTCYTCTBUE  HEO0OXOIUMOCTHU
MoaM(HUKAIMKA CTaHKAa WM TPUCIOCOOJIeHUs s 3aroToBku» [13]. MoHUTOpUHT
BUOpaIuii nmporecca 00pabOTKU SBISAETCS OJHUM U3 BaXKHBIX METOJOB TUATHOCTHUKH
TEeXHOJIOTUYeCKuX orepanuid. [Ipu nomMomm BUOPOJATYMKOB MOMXKHO TOJYYHTH
YacTOTy KOJI€OaHUsI MHCTPYMEHTA U YAaCTOTY KOJIeOaHUs 3arOTOBKU U MPEJOTBPATUTD
WX PpE30HAHC HJis VYIy4lIeHHs KadecTBa 00paboTku. OmHako TMpu mpolecce
00paboTKH, MOTYT BUOPUpPOBATH HE TOJIBKO MHCTPYMEHT M 3aroToBKa, HO H
AIIEKTPOJBUTATENb, KOPOOKa Mepeaay, MNUHACIb U Mpodyee. ITO MOXKET MPUBECTH K
TOMY, 4YTO PpE€3yJIbTaTbl MOHUTOPHHTa BUOpamuii OyayT HEOJHO3HAYHBIMH U
TPeOYIOIKUMH JOTIOJHUTENBHOTO aHAIN3A.

CyniecTByeT OTCIEKMBAHUE PEXKYLIETO0 MHCTPYMEHTA MOCPEACTBOM TEIIOBOM
nuarnoctuku [2]. Tlpu mporecce, u3MepsieTcsl Temreparypa B 00JacTH pe3aHusl.
[ToBbIlIeHHAsT TeMmIlepaTypa CUTHAIM3UPYET O TOM, YTO HENPaBUJIBHO HaJIaKEH
UHCTPYMEHT, BbIOpaHa He Ta mojaya, Ju0o cieayeT JA00aBUTHh OOJIbIIE CMa304YHO-
OXJIQKJIAIOIIEH XKUAKOCTH WM M3MEHUTh CKOpPOCTh pe3aHus. K TakoMy metomy
JUArHOCTHUKH, MOYKHO TOAKIIOYUTh MOHUTOP MJIsi HATJSAHOTO TIPUMEpPa, HACKOJIBKO

U3MEHSETCSl TeMIlepaTypa M B KaKOW MMEHHO o0jacTH mporiecca oopaboTku. ITo
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MOMO’KET OIepaTopy TOYHEE JMAarHOCTHPOBATh HEMOJaAKy cTaHka. lIpomsBomutcs
Takoi MeToJl MH(paKpaCHBIMH KaMepamH, TEPMOIJIEMEHTAMU B BHJIE€ JATYUKOB B
30He pe3anus. OgHaKo, NpU TaKOM METOJ€ HE BCErjga JOCTYIHBIE 001acTu
u3MepeHus. B HEKOTOPBIX clydasX M3-3a OTPaHUYEHHOro JO0CTyna K paboueil 30He
WIA CJOXHOCTH YCTAHOBKM JAaTYUKOB TEMIEpaTypbl MOXET OBITH 3aTpyJHEHO
IpOBEJCHUE TOYHOTO H3MEpeHUs. A TakkKe TaKol CIoco0 HUMEET BBICOKYIO
CTOMMOCTb 0oOopynoBaHusi. MH(ppakpacHble KaMepbl, TEPMOAIIEMEHTHl U JIpyTUe
CpeICTBa IJsl TEIUIOBOW AMATHOCTUKH MOTYT OBITh JIOPOTHMH, YTO MOXET CTaTh

NPECIATCTBUCM JISI UX ITUPOKOI'0 IIPUMCHCHUS.

Ente ogarM criocoOoM J1J1si MOHUTOPHHTA TEXHOJIOTHYECKUX OTEpAIfid CITyKaT
mudpoBbie kKamepbl [33]. CHumaeTcs u300pakeHHE TpoIlecca, HA OCHOBE HETO
JIeJTaeTCsl 3aKIIOYCHUE O BCEBO3MOMKHBIX BHIAX M3HOCA PEXKYIIETr0 MHCTPYMEHTA U
ClIEIyeT 3aKIOYeHHe O 3aMeHe HHCTpyMeHTa. OpHako IS Takoro MeToja
HEOOXOUMO TMPUMEHUTh KaMephl C JIOCTATOYHBIM KOJUYECTBOM IHKCEICH IS
YETKOr0 HM300paKeHUsl BHIA M3HOCA. Takne KaMmephl MMEIOT BBICOKYHO CTOMMOCTb,
CJIEIOBATENIbHO METOJ He OyJeT uWMeTh OONIMPHOTO paclpoCTpaHCHUsS Ha

MPEANPUATHAX.

Bubpoakyctudeckne koyieOaHUs CYIIECTBYET TOBCEMECTHO B  KaKIOH
TEXHOJIOTUYECKOW  omepaluu, KOTOpble  MPOBOASATCA  HA  MPOU3BOJCTBE.
KonebarenbHble ABMKEHHS] WHCTPYMEHTAa W 3arOTOBKHM MOTYT PE30HUPOBATH MU
JTMCCOHUPOBATh BO BpeMs Iporiecca 00padoTku. CTOUT OTMETUTh, 4YTO HabOp
3BYKOBBIX JaHHBIX Tpoliecca 00pabOTKU CONEPKUT OTPOMHOE KOJMYECTBO YACTOT.
Hanpumep, mmuHAENb SBJISETCS OCHOBHBIM HCTOYHUKOM Inyma. BuOparuw,
BO3HHKAIONIME TIPU €ro paboTe, MOTyT MepeaaBaThbCsi HAa JIPyrue y3jbl CTaHKa.
DJIEKTPOJIBUTATENh TAKXKE SBJISETCA MEPBONPUUMHON HE3aJIeMCTBOBAHHBIX YacTOT B
aHanusze, u3gaBaeMbix oT craHka ¢ YIIY. Crout oTMeTuTh, U KOpOOKY mepeaad,
MpOIECC MOAAYM  CMAa30YHO-OXJIAKIAIOMIEH  KUIKOCTH, KOPIYChl  CTaHKAa,

TO/IIIMITHUKY, CTAHWHY U Tipouee [25].
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Hcnonb3oBaHne Takoro MeToAa JAMArHOCTUKU TMO3BOJISIET HAa OCHOBE 3BYKa
BBISIBUTH HEMOJAJIKy B Ipoliecce 0o0paboTKu maTepuana pe3loM. Tak Kak, Mpu
3aIKCH 3BYKa Ipoiiecca o0paboTKH, TofTydaeTcs ayinodani, cCoaepKaiiui 00IbIIoe
KOJIMYECTBO 3BYKOBBIX JAHHBIX Mpoliecca 00padoTku. Takol ayauodaiin momayyaror
IIPU TOMOIITY MUKPO(OHA, YCTAHOBJICHHOTO B Mpoliecce 00pabOTKH MaTepHraia.

[TosrydeHHbIe JaHHBIE MOKHO HCIIOJIB30BATh JIJISl YACTOTHOTO aHAJIM3a, WU K
JUTsl BeliBiieT-aHanu3a. B nanpHeiem, NpoucXoauT oTO0p HY>KHBIX CTAaTUCTHYECKUX
XapaKTepUCTHK: MOJIa, paMax, CPeTHEKBaIpaTHUHOE OTKJIOHEHUE CUTHAIa, MEAHaHa.

JIJIst 4MCTOTHI TAHHOTO CHTHAaja MOXXHO MCIIOJb30BaTh Pa3JIMYHBIE -BBICOKO, -
CpeIHe, -HU3KO YacTOTHble (UIBTPHI. DTO CIYXKUT JUIsl yHaJeHUs LIyMa Y3JI0B
CTaHKa M KOHIIEHTpauuu paboThl Ha ayauodaiije MMEHHO NpoLecca pe3aHusl.
OTOupatoTcsi HY)KHbIE CTaTHUCTUYECKME MpHU3HAKU Ui Kaxzaoro Quubrpa. B
NanbHeiIeM Takod Ha0Op MJaHHBIX 3arpy’kaercss B HEHUPOHHYIO CEThb Ui
JanbHENIe o0pabOTKH M TMOMYyYeHHs] KOHEYHOTO pe3yibTaTra B BHJIE CHUTHala 00
U3MEHEHUHU peXHUMa pe3aHus, CUJIbl pe3aHusi, CKOPOCTU pe3aHus u mnpouero. Cama
HEWpOHHAs CETh CMIOCOOHA 00paboTaTh HEOOXOIUMOE YUCIIO JaHHBIX. MUHUMAaIbHOE
KOJIMYECTBO JaHHBIX JOJKHO OBITh HE MEHee JBaJllaTH, a Jy4lle OKOJIO cTa Habopa
XapakTepucTuk. Yem OOJbIle JaHHBIX OyIET 3arpykeHO B HEWPOHHYIO CETh IJis
JanbHeero ee 00y4eHusi, TeM TOUHEE JaHHbIE HEUPOHHOU CeTH OyyT MOJydaThCs
IpU TECTUPOBAHUM TAaKOrO aJrOpUTMa. B KOHEUHOM cyeTe Ha BBIXOJE IMOJIy4aeTcs
roToBasi HEMpPOHHASI CETh, AJIA JAIBHEUIIETO HCIOJIh30BAaHUS B MPOU3BOJCTBE HIIU
JUISL IPOBEJIEHUS SKCIIEPUMEHTA CO CTYIEHTaMH.

Takum 06pa3zoM, U3 Bcex METOJI0OB JUArHOCTHKH Ipoliecca pe3aHus, Hanboliee
MOAXOSAIIMM CITYXUT orpesieseHrue AedekToB B 00jacTu 00pabOTKH MOCPEICTBOM
3BYKOBOM 3amucu (aiina. MukpodoH He TpeOyeTr OONbIIMX 3aTpaT M TPOCT B
yCTaHOBKE Ha crankax ¢ UIIVY.

Br1BoIBI IO TIEPBOM TJ1aBE

Pasnuunble BuABI M MEXaHU3Mbl H3HOCA BCTPEYAIOTCS Ha  KaXKIOM

NpeArnpusaAT, A€ HIPOUCXOAHUT Ta HWIM HMHAd TCXHOJOIrMYCCKas oOIcpamus. Ounn
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3aBHCAT OT MHOTUX (hakTopoB. HeoOXoauM MOHUTOPHHT KaXIOH OmNepanuyd T0
nporieccy peszanus. Kaxaplii BUJ H3HOCAa UIMEET CBOU XapaKTEPUCTUKH, TIPU KOTOPHIX
OH MOXET BO3HUKHYTb. Takke I BCEX BHJIOB M3HOCA MPETYCMOTPEHBI CBOM MEPHI
NPEIOCTOPOKHOCTH M Mephl  mpeaoTBpamieHus. CaMblii  mpocToil  crmoco0
JTUArHOCTUKN Ha JaHHBIH MOMEHT SBIIACTCS AaTdWK. [lapaMeTpwsl 30HBI pe3aHus
MOTYT MEHAThCA. [lo3TOMy aHanmm3 WM3HOCA B 30HE PE3aHUS MOXKHO TPOBOIUTH C
MIOMOIIIBIO0 CTATHCTUYECKUX METOJIOB C IOCTPOCHHEM, HAIpHUMEpP, PErPECCHOHHBIX
MOJIeJIeld, a MOTYT HMCTOJB30BaThCsl U METOBI MAIMHHOTO O0ydeHus. 1o utory us
BCEX TMOAXOMAAIIMX METOJOB MOHHTOPHUHTA TEXHOJOTHYECKOW OTeparuu 10
orpesenieHuo 1eexToB B 00JacTu 00pabOTKH, ObLIO MPUHSATO B3SITh OTCICKHUBAHUE
M3HOCAa TIOCPEICTBOM 3BYKOBOM 3amucu (aina ¢ mnocheayromeid o0padboTkoit
CUTHAJIOB M UX 3arpy3Kd B HEMPOHHYIO CETh JJISl MOCIEAYIOIIETO UCIIOIb30BaHUS Ha
npeanpuatusx. C  MOMOMIIBI0O TAaKOTO  METOJa  JOCTHUTAETCS  HAuOOJbIIast
YyBCTBUTEIBHOCTh HW3HOCA PEXKYIIET0 HWHCTPYMEHTAa W TIPOCIICKHBAETCS OoJee
NeTaNbHBIA XapakTep H3HOca. Takke 3TO CBSI3aHO € O0OpyAOBaHHEM, KOTOPOE
UCITIOJIB3YETCSI B 3TOM METO/e — 3TO MUKpO(hoH. OH He TpeOyeT OOJbIIMX 3aTpaT U

IPOCT B YCTaHOBKE Ha craHkax ¢ UIIY.
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I'naBa 2 UcnoJsib30BaHMe HelipOHHBIX ceTell B pouecce pe3aHus

2.1 HeiipoHHbI€ ceTH U MX KJaccupukamusi

C mnoMompbr HEHPOHHBIX CETE B COBPEMEHHOM IPOU3BOJICTBE YAAETCA
CO3[1aBaTh JUArHOCTUKY BCEro IIPOU3BOJICTBA, BKJIKOYAs IIOCTaBKY, XpaHCHHUE,
oTrpy3Ky. CyIIecTByeT HECKOJBbKO MHAYCTPUAIBHBIX PEBOIOLUUN B MHUpE, KOTOPbIE
MPOUCXOJNIIM B OIPEIEICHHbIE MPOMEXKYTKHM BpPEMEHU. B JaHHBII MOMEHT
npopabateiBactcst Wunmycrtpus 4.0 [27]. Ona xapaktepusyeTcs BHEAPCHUEM
kuOep(U3MUecKuX CUCTEM B NOpou3BOACTBO. C MOMOIIBIO HCKYCCTBEHHOTO
UHTEIJIEKTa M TaKuX TEXHOJOIMM 00pabaThIiBaeTCsl OTrPOMHOE KOJUYECTBO
uH(popManuu, TIe KIOYEBYIO pOJIb WrpatoT HEHpoHHble ceTH. OHM 1O0JI0OHBI
OTPOMHOMY MO3Ty YEJIOBEKAa, CIOCOOHBIE OIPEJEICHHBIM AJITOPUTMOM OOYyUYEHUS
BBITIOJIHUTG Ty WM UHYIO 3a/1a4y.

Heliponnsle ceTn cnocoOHBI caMO00y4yaThCs, TEM CaMbIM MPOrPECCUPOBATH.
OmHO W3 TJABHBIX KadecTB, 4YTO HEHUPOHBI BO BCEX CETAX  SBILIIOTCA
yHUBepcanbHbIMH. OHM CO34AOT BCKO CUCTEMY OJHHMH M TEMH K€ YACTSIMH, 4YTO B
JAJIbHEUIIIEM CKa3bIBAETCSA HA UX MCIOJIb30BAHUM B IPYTUX aJTOPUTMAaX, HE CXOKHUX
apyr ¢ apyroM. Kaxxiplii HEHPOH U3 BCEW CETH HECET OMpeeIeHHYI0 HHPOPMAIIUIO,
HaIrpuMep, 3HayeHue Kakoro-nmuoo napamerpa. CoctaBuB HaOOp MmapameTpoOB BCErO
3ByKOBOT'O CUT'HaJIa, MOKHO BBIIBUTH HYKHBIC HEMPOHBI CETHU IS JAJIBHEUIIET0 X
UCCIICOBAaHNUS. WU UCIIOJIb30BaHUSA II0 CHUCTEME JMAarHOCTUKHU IIpOLecCca PE3aHMUs.
CoOTBETCTBEHHO, MapaMeTphl, COOpaHHbIE MO 3BYKOBOMY CHUTHAIy HalpaBJieHbl Ha
BXOJIHOW CJIOW, TJ€ MPOUCXOAUT oOydeHue cetu. llocime cocTtaBieHUs ITHHEHHON
KOMOMHAIMKY, MapaMeTphl MOMaialT B (YHKUUIO CKaThd. B KOHEYHOM HUTOre Ha
BBIXOJTHOM CJIO€ TIOJy4aeTCsl CHUrHajl, KOTOPBIM CUTHAIM3UPYET 00 H3MEHEHUU

nmogadyn, CKOpOCTH PC3aHuA U IIP.

Cama cTpyKTypa HEHpoHa cX0Xka C YeJIOBeYeCKUM Mo3roM. OpHako, Mo

CKOPOCTHOM CIIOCOOHOCTH OHHM pasiuuarotrcs. Hamr mo3r crmocobeH o0padoTath
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uHopmarmio 3a 100-200 MULUIMCEKYH, B TO BpeMsi Kak HEHPOHHAs CETh MOXKET
oOpabaTbiBaTh JHSAMH, €CIM OTO KacaeTcsi OrPOMHOTO KOJIMYECTBA BXOJHBIX
napamMeTpoB B BXogaHoM ciioe. Ha ¢oHe Toro, kakoii MMEHHO aJrOpUTM OOYydYEHUS

OyJIeT B3SIT, CYIIECTBYET Pa3uyMs MEXKIY apXUTEKTYpaMHU CETIMHU.

OnHOCIIONHBIE CeTH MpsAMOro pacrnpoctpaneHus (Pucynok 1) sBusroTCS
npocToii  (opoil HMCKYCCTBEHHOW HEHWPOHHOW CETH, B KOTOpPOW HEUPOHBI
OpraHU30BaHbI B OJIMH CIIOM UCXOA0B (BbIX0/A0B). Kaxk/IbIii HEUPOH BXOJUT B CBS3U C
KOKJBIM HEMPOHOM B MpPEIbIIyIIEM clioe (BXOJHOM CJIOE), U KaXKJas CBsI3b MMEET
onpeiesieHHbIN Bec. JlaHHbIE TPOXOAAT YEPE3 CETh OT BXOJIa K BBIXO/ly 0€3 00paTHBIX
CBs3€H, MOATOMY OTO Ha3bIBA€TCA CEThIO MPSIMOrO PaCIPOCTPAHEHHUS, OO
OJIHOCJIOMHBIE HEUPOHHBIE CETU. Takue HEUPOHHBIE CETH MOAXOAAT JUIS 3a1ady
Kiaccudukanuu uinu perpeccun. OaHako, A 3a71ad, Tpedytomux 0osiee riry0oKoro

HN3Yy4YCHU, CYIICCTBYIOT MHOTOCJIOMHBIC HeﬁpOHHBIG CCTH.

Bxoa 1 Bbixog 1

Bxog 2 Bbixoga 2

Pucynox 1 — [Ipumep paboThl OTHOCIOWHON HEHPOHHOM CeTH

MHorocnoiiapie  HeliporHble cetn (PHCyHOK 2) UMEIOT WHYIO CTPYKTYpY
Mojenu [22]. OHu SBJISIOTCS OJJHUM U3 CaMbIX MOIIHBIX MHCTPYMEHTOB B OOJIACTH
rJIyOOKOro OOy4YeHUss M HMCKYCCTBEHHOTO MHTEIJIEKTa, M OHU HAXOAST IIHUPOKOE

MpUMEHEHNE BO MHOTUX c(epax, OT MeTUIMHBI 10 (UHAHCOB M POOOTOTEXHUKH.
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CaMoe OCHOBHOE OTJIMYHE OT OJIHOCIOMHOW HEWPOHHOW CETH SIBIISIETCS HaIW4yue
CKPBITOTO CJIOSI, T/I€ IPOUCXOIUT oO0ydeHue. Hamuuue Takoro ciosi Mmo3BOJISET CETH
BBIIEIATh CTATUCTHYECKHE  3aBHCHUMOCTH  JAaHHBIX. [JaBHag  OCOOEHHOCTH
MHOTOCJIOWHOW CE€TH, 3TO MCIOJIB30BAHME KOHEYHBIX JaHHBIX IEPBOTO CJIOS, KaK
BXOJIHBIX JIAHHBIX JJIs BTOPOTO CJIOSA U T.A. YeMm Oobllie BXOMHBIX NAaHHBIX OyaeT
3arpy’kKeH0 B CE€Th, TEM OOJBIIIE BEPOATHOCTH TOTO, YTO CETh BBHIAACT BEPHBIN
pe3ysbTaT Ui pelieHus TOM WM HWHOW TpoOiieMbl. HemocraTok 3akimrodaercs

HUMCHHO B 3TOM, HECIIOCOOHOCTh Pa3syMHO PCUIUTH HpO6JI€My C MaJbIM KOJIWMYCCTBOM

TaHHBIX.
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Pucynok 2 — [Tpunnun paboTsl MHOTOCTIOMHON HEMPOHHOMN CETH

[ToMuMO OJHOCIOWHBIX M MHOTOCIOMHBIX HEMPOHHBIX CETEH, CYLIECTBYIOT
PEKyppPEHTHBIC CETH, CXeMa TaKOW CEeTH MpejcTaBiicHa Ha pucyHke 3 [4]. OTinune
3aKJTFOYAeTCS B MX CIHOCOOHOCTH YYMTHIBATH KOHTEKCT W 3aBHCHMOCTh MEXKIY
Pa3JIMYHBIMU 3JIEMEHTaMU B TOCJEA0BATENbHBIX JTAHHBIX. DTO JIOCTUTAETCS MyTEM

no0aBiIeHUsI OOpaTHOW CBSA3M, KOTOpas IO3BOJSET IepenaBaTb HMH(GOPMAILUIO OT
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NpeAplAyIMX I1MaroB MWW HOPCAbBIAYIINX J3JICMCHTOB IIOCICAOBATCIBHOCTH K

TEKyIlEMYy Iary.

Y CKpbITbIV 2 o
BxoaHoOW ( ) CkpbiTbiA  BbixOAHOW
" e €HTHbIA - "
(o) (o] PEXYPP 3 cnowu 2 C/I0W
CNow

Pucynox 3 — [Ipuniun paboThl peKyppEeHTHON HEHPOHHOM CETH

Takum 00pa3om, peKyppeHTHBIE CETH MOTYT YCIICIIHO TPUMEHATHCA B 3a/1ayax
MOJIEJTMPOBAaHUS €CTECTBEHHOIO sI3bIKa, MAIIMHHOTO IepeBojia, 00paboTKu ayauo u
00pa0oOTKH BpeMEHHBIX psiioB. OMHAKO, OrpaHUYEHHAs CIOCOOHOCTH 3allOMUHATH
JUIMHHBIE 3aBUCUMOCTH SIBJISIETCS OJHUM M3 CYIIECTBEHHBIX HEAOCTATKOB TAKOM
cuctemMbl. [l ymydmieHuss paboOThl PEKYPPEHTHBIX CeTell ObUIM pa3paboTaHbl
pasznuyHble MOAU(pUKAIMKU, TaKhe KakK JoJiras KpaTKOCPOUYHAasl MamsiTh U TIIyOOKue
PEKYypPEHTHBIE CETH, KOTOPbIE MOMOTAIOT PEMIUTh MPOOIeMbl 00yUeHHs Ha JUIMHHBIX

MMOCJICA0BATCIbHOCTAX U 3allIOMHUHAHUA JOJITOBPCMCHHBIX 3aBUCUMOCTEH.
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2.2 Mojaeab HeiipOHHOM ceTH

[lonHyro Momens mpouecca pe3aHus MOKHO CMOJEIMPOBATH PA3TUYHBIMHU
HEUPOHHBIMU ceTaMHU. OIHAKO, MPU MOJACIMPOBAHUU CTOUT YUYUTHIBATH, YTO MPH
DKCIIEpUMEHTE, ObLT 3amucaH ayauodaiiin ¢ HEKOPPEKTHBIMHA IITyMaMH OT CTOPOHHHX
y3JI0B CTaHKa, HE ydYacTBOBABIIMX B mporecce pe3anus. C Takoil mHbOpMammen
cienyeT NpuOerHyTh K UCIIOJIb30BAaHUIO HEHPOHHBIX CETEH ¢ HEUETKOM JIOTUKOM.

I1.B. YethipOok yTBepxkaaeT, 4To «HeyeTkocTh BO3HMKAET M3-32 HEMOJHBIX
U3MEpPEHUN CBOMCTB 00BEKTOB. ['mOpuaHas MoOJeab HEUETKOM HEUPOHHOH CeTH
MO3BOJIAET MOJIYYUTh HEUETKUE MPABUJIA U3 MHOKECTBA JAHHBIX, KOTOPBIE MOXKHO
pa3ienuTh Ha paszfiuyHble Kiacchl. OJHUM M3 TaKUX PEIICHUM SIBISETCS CUCTEMa
NEFClass, ocHoBaHHass Ha OOOOIIEHHOM apXUTEKType HEYETKOTrO MEpPCENTPOHA
[28]. Takas HeiipoHHast ceTh CIIOCOOHA IMOCTPOUTH HEYCTKHE TPABUIIA M3 BXOHBIX
JIAHHBIX, KOTOPBhIE UMEIOT MOTPEIIHOCTh U3MEPEHHUS. ITO MOTYT OBITh oTorpaduu c
OUTHIMU NMUKCEISIMU, 3BYKH C IOCTOPOHHUMU ITymMmamMu. Ha ocHOBe 3TuX mpaBuii, OHa
pacripeiessieT JaHHbIE Ha OMPEIeICHHOE KOJUYECTBO YETKUX HECBSI3aHHBIX C COOOM
kiaccoB. Crenyer YTOYHUTh, YTO Takash HEUPOHHAs CETb HMEET AapXUTEKTYpY,
CBSI3aHHYIO C MHOTOCJIOWHBIMU HEHUPOHHBIMH CETSIMH, COOTBETCTBEHHO, OHA UMEET
BXOJHOM CJIOM, CKPBITBIM CJIOW 1Ji1 OOy4eHUs, U BBIXOAHOM cjoil. DyHKIHUS
MPUHAIICKHOCTH TaKOW HEHUPOHHON ceTh HedeTKas M uMMeeT (YHKIHUIO B BHJIE
TpeyrojapHou (urypsl. OnHako, Heiipo-HeueTkas cucreMa NEFClass moaxomut s
TaKMX 3a/]a4, KOTOpbIE CBS3aHBI C Kiaccudukamuel pemenus 3amad. s Oosee
rJIyOOKOTO HM3y4eHHsI MPOOJieM MOECIUPOBAHUS IMPOIIECCOB HCIOIB3YETCs HEWpo-
HeyeTkas HeripoHHas cetb ANFIS.

«Haunbompiryto momyasipHOCTh CpeIu HEYETKUX CHUCTEM aJlallTUBHOTO THIA
npuodpena mozaens BeiBoja Takaru-Cyreno-Kanra (TSK). B atoit Moaenu ¢pyHkuus
3aKJIIOUCHHS OMPENENAeTCS HEYETKHM, HO TOYeYHbIM oOpazom. braromapss stomy
nedaszznduraTop Ha BHIXOAEC CUCTEMBI HE TpeOyeTCs, a MOJIEh BHIBOIA 3HAYUTEIHHO

ynpomaetcs» [23]. Takyto mMozienb BbIBOJA cOUYeTaeT B ceOe HEWpo-HEYeTKask CeTh
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ANFIS. B Hee BKIIIOYEHBI HECKOJBKO CIIOCOOOB MCKYCCTBEHHOI'O MHTEJUIEKTa. Bo-
NEPBBIX, TO MPUHIIMIT MHOTOCIIOWHO HEHPOHHOM CETH, BO-BTOPHIX, CIIOCOO HEUETKOM
jgorukd. HelipoHHble ceTH HCHONB3YIOTCS Il 00paboTku WHGOpMaLUU H
U3BJICYEHUSI 3aKOHOMEPHOCTEM W3 JaHHBIX, B TO BpEMs KaK HEUYeTKas JIOTMKa
MO3BOJIIET YYUTHIBATh HEOIMPEEICHHOCTh U Pa3MBITOCTh B JAHHBIX ISl TPUHSATHUS
pemrenuii [32]. ANFIS xoMOuHHpYeET 3TH J1Ba MTOAX0/1a, IPUMEHSS HEYECTKHE IpaBUIIa
U TpUHIUNB O0yuyeHHUs HEUpOHHBIX cered I 3(G(EKTUBHOTO aHajdu3a U
nporHo3upoBanuss  gaHHbXx. HMmenno  ANFIS  cramu  mpumeHsats i
MIPOTHO3UPOBAHUSI MIEPOXOBATOCTH MOBEPXHOCTH, U3HOCA PEKYLIEr0 MHCTPYMEHTA,
crerneHu u3Hoca [29].

H.I'. Spymkuna ytBepxknaer, uro «HedeTkas HelpoceTb (PYHKIMOHHUPYET
CTaHJApTHBIM O00pa3oM Ha OCHOBE YETKHX JEHCTBUTENBHBIX uyucen. Heuerkoi
ABJIAETCSI TOJIBKO MHTeprpeTanusi pe3yiabTaToB. Ilpu co3ganum ruOpuaHOMA
TEXHOJIOTUM KPOME€ OOBEIMHEHHMS] CHCTEM IO JaHHBIM MOXHO HCIIOJIb30BATh
HEUPOKOMIIBIOTUHT I PEIICHUS YacTHOW MOJA33Ja4d HEYETKUX HKCHEPTHBIX
CHUCTEM, a UMEHHO HACTPOMKU mapamMeTpoB (DYHKIMU MPUHAAICKHOCTH. DYHKIUU
MPUHAIICKHOCTH MOXKHO C(HOPMHUPOBATH ABYMSI CIIOCOOAMHU: METOJIOM JKCHEPTHOU

OLICHKH; Ha OCHOBE CTaTHCTUKM» [19].

2.3 Heiiponnas cerb ANFIS

Kak murupyror D.11. Manbuea u M.A. llepeyxeB «ANFIS (Pucynok 4) —
ATO HEeYeTKasl MPOIyKUHUOHHAs CETh, 00JIa/1al01asi BO3MOKHOCThIO ITapaMeTpHUECKON
ONTUMHU3ALIMKA HEYETKUX TNpaBuil (mapaMeTrpoB (YHKIHMM MPUHAJIEKHOCTH,
aKTUBAllUOHHBIX (YHKIMHA, BECOB CBs3€iM) Ha OCHOBE aJTOPUTMOB OOyUYEHUS
(MogOoOHBIX aNropuTMaM OOy4YeHUsi OOBIYHBIX HEHPOHHBIX CETeW, Hampumep,
ITOPUTMY  OOpPAaTHOTO  pacHpoOCTpaHEHUs  OMMOKH) U HCHOJIb30BaHUS
HKCIIEPUMEHTAJIbHBIX AaHHBIX (0Oyuwaromield BbIOOpkH). CeTh pealin3yeT HeYeTKUn
joruyeckuit BeiBo Trmna Takaru — Cyreno» [17].
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Bxoanoii Cnoii 1 Cnoit2 Cnoit3 Cnoiid Cnoii 5
CII0H

Pucynox 4 — [Ipumep pabotsl HeliponHo# cetu tuna ANFIS

HaHHaH HGﬁpOHHaﬂ CCThb IIPCACTABILICT aAJIT'OPUTM CYFGHO. Ero moxnHO

BBIBECTH HAa OCHOBC HCUCTKHUX IIPABUII B MHUCHMEHHBIN BapHaHT.

ECJIM x,9T10 A; U X,510 A,TOY = a;;x{+a;,x9, (1)
ECJIM x,5T0 B; U X,510 B,TO y =a,,x)+a,,xJ, (2)
UJIN TOTJA y=a, + Y. a; x;, (3)

TJ€ X, — JIMHTBUCTUYECKUE TIEPEMEHHBIE;

Aj — HeyeTKre MHOXECTBa, COOTBETCTBYIOIINE 3HAUYCHUSIM JIMHTBUCTUYECKUX
TIEPEMEHHBIX;

xf — HaOmo1aeMble TOUHBIC 3HAUCHHUS BXOHBIX IEPEMCHHBIX;

y — BBIXOJHAs MEpEeMEHHasi B (popMe TOYHOTO 3HAYECHUS, OMPEACIIIEMOr0 KaK
JUHEHHas KOMOWHAIUS 3HAYCHUH BXOIHBIX ITEPEMECHHBIX.

B 1aHHOW HENPO-HEUYETKON CETHU KaXbl€ HEMPOHBI KAXKIAOTO CJI0S BBIMOJIHSAIOT

CBOM 3ajaud. Ha BXOJHOM CJI0€ TPOUCXOIUT JOCTaBKa WH(OpMAIuu, HEUPOHBI
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MepEeaoT CUTHAJ Ha CIeayroluil cioil. Ha mepBoM cioe mpoucxomuT co3fgaHue
Mozenu (GYHKIMM MPUHAUICKHOCTH, 3Tan (asudukanuu. Bropoit cioit oTBevaer 3a
ONPEJEIICHNE CTEIEHH MCTUHHOCTH IPABUJI, MAKCHUMAJIBHOE KOJMYECTBO KOTOPBIX
pPaBHO YHMCIIy COYETAHWW M3 BCEX HCUCTKUX 3HAYCHUH BXOJHBIX NepeMeHHbIX [11].
Ha TperbeM cioe mpoucXOIuT MpOBEpKa MPEIbLAYLIMX BBIYMCICHUNA Ha MOKA3aHUs
HOPMHPOBAHHOM CHJIbI PABWIL. 3aKJIFOUUTEIBbHBIMU CIOSIMU SABIIAIOTCA 4 1 5 cion. B
HUX MPOUCXOAUT (HOPMHUPOBAHHME KOHEYHOTO PE3yJibTaTa — 3HAaYEHUE BBIXO/A CETH,

o0o3HauaemMoe Y.

2.4 Ucnojib30BaHue AJIA TIponecca TMarHoCTUKH HeﬁpOHHLIX cereil

Anroput™M paboThl ¢ HEUPOHHOHN ceThio chenyromuid. [logroraBnuBaercs
Ha0op OOydYaromMX JaHHBIX C BXOAHBIM W BBIXOJHBIM BEKTOpaMU. OJTHU JaHHBIC
COTOCTAaBIISIIOTCS MEXIY COO0OM Kak M3BECTHbIE (aKTOphL. 3ajadya COCTOUT B TOM,
yTOOBI TP OOYYEHUU HEHPOHHOUW CETH HACTPOUTH €€ MapaMeTphl TaKUM 00pa3oM,
4YTOOBI OIIMOKA MEXIY HM3BECTHBIM BXOJIOM M BBIXOJOM Oblla MUHMMAaJIbHOMW. Jliis
ATOT0 HEOOXOAMMO 00ydYarolryr0 BBIOOPKY pa30uTh Ha Tpu moj BeiOOpku. [lepmasd,
COOCTBEHHO, TpEJCTaBsAeT oOydaroliue IaHHble. Bropas HeoOXoauma ajis TOro,
qTOOBl MCKIIFOYUTH TepeoOyueHne HeMpoHHOM ceTu. HasbiBaeTcs BanmmmaarimOHHOM
(validation) BwIOOpKOI. TpeThsi BBIOOpKA — TeCTUpYIOIIAs, HeoOXomuMma ISt
MPOBEPKH KayecTBa 00y4YeHUSI HEHPOHHOM CETH.

Jlo Hauvana nporenypsl 00yueHuss He0OX0JMMO BBIOpATh TUIT HEHPOHHOM CEeTH,
U ONPEACIUTBHCS C €€ apXUTEKTypoil. DTO mojapasymMeBaeT IMoji co00i BBIOOD
KOJIMYECTBA CJIOEB, KOJMYECTBA HEHWPOHOB B KaXJIOM CJIO€, BBIOOp (YHKIIUU
aKTUBALIUM B KaXJOM CJIO€, OMPEACIUTHCS ¢ airopuTMOM o0ydeHus. Kpome atoro,
MOXHO 3a7aTh KOJIMYECTBO IIUKJIOB WM WTEpaluii OOydYeHUs WIM 3a]1aTh

MUHHUMAJILHO HEOOXOIUMYIO OIIMOKY 00yUYeHUSI.
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[Tocne »TOro HauMHaercs mpoueaypa oOyuyeHUE HEMPOHHOM CETH, KOTopas
3aKaHYMBACTCS WJIM 4epe3 3aJaHHOE KOJIWYECTBO UTEPALMKM WIN NPU JOCTHKECHHUU
3aJJaHHOW TOYHOCTU OOYYEHHUSI.

Jlamee 3TOT anroputM IMpeoOpasyercs B CAMOCTOSTEIBHOE MPUIIOKEHUE,
KOTOPOE 3arpy’kaercs B YNPAaBILIOMIMN KOHTPOJUIEP METAUIOPEXKYLIEro CTaHKa.
HeoOxoaumble AMArHOCTUYECKME JaHHBIE MOCTYMAIOT Ha BXOJ ATOW MPOrpPaMMBI,
IIOCJIE YEro BBIBOJMUTCS CUTHAJI O XapakTepe H3HOca. B IepcrnekThBe JaHHBIN
QITOPUTM  MOXHO HCIIOJIb30BaTh I KOPPEKIMH pPEXUMOB o0paboTku. B
COOTBETCTBHUH CO CTEIEHBIO U3HOCA OyIEeT MPOBOAUTHCS KOPPEKTUPOBKA NOJAUM WU
CKOPOCTH pe€3aHusi U1 TOT0, YTOObI MOXHO OBLIO 00ECHEeYUTh WM TOYHOCTh U
KauecTBO 00paOOTKH WIIU MOBBICUTh CTOMKOCTh PEXKYILEr0 HHCTPYMEHTA.

BriBOzBI 110 BTOPO I71aBE

I'maBa BxiItOWaeT B ce0s pPAa3HOBUAHOCTH HEHUpOHHBIX cereld. Camble
pacnpocTpaHeHHasi — 3T0 MHOIOCJIOHAs HelpoHHas ceTbh. [ rimy0okoro oOydeHus
ucnosib3dyetcst Herpo-Heuetkas cetb ANFIS. Taxxke copepkutcs uHpopManus 1o
OCHOBHOMY QJTOpPUTMY JI€MCTBHUsI Tpouecca MoHUTOpuHra. Creayer BbIOpaTh
apXUTEKTYypy HEUPOHHOM ceTHu. B Hel yxke omnpenensercss KOJIUYECTBO CJIOEB, B
KOTOpPbIX OyAeT MPOMCXOAUT OOy4YeHHE, a TakKe BBIOOP (PYHKUMU aKTUBAIUH, C
ITOMOIIBI0 KOTOPOM COCTABIISIIOTCS MpaBUjla HEUPOHHOM ceTh. Camasi OCHOBHAsS LD,
3TO MHUHUMHU3HUPOBATh OHIMOKY MeEXAy BXOJHBIM M BBIXOJHBIM ciosMu. [locne
JIeJIeHUs] HEMpOHHAsi ceThb roToBa K 00yuyeHuto. [lo okoH4uaHuo oOydeHHs, MOAEIb
MOKHO NpeoOpa3oBaTh B OTIEJIbHOE MPUIOXKEHUE JUIsl OTCIEKHUBAHUS CTEIECHU

M3HOCA PEKYLIEr0 HHCTPYMEHTA.
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I'naBa 3 O0paboTka curnaja

3.1 Buabl cMrHAJIOB

OOpaboTKka CHUTHAJIOB WIpaeT 3HAYUMYI0 pOJb B JIOOOM (U3HYECKOM
AKCIIEpUMEHTE Ui pabote ¢ arperaramu. [llupokuii cnekTp npumMeHeHus oopadboTKu
CUTHAJIOB CTAJI0 HE3AMEHMMOM 4acThio yenoBedecTBa. CUTHaIbI CTaNH MPUMEHATHCS
B Pa3IUYHBIX OTpaciigX MPOU3BOACTBA M HE TOJbKO. DOpPMHUpOBAHME CUTHAIA
MPOUCXOJUT W3 OIEpaldd IUCKPETU3AlUHU, CIIYCTS OIPENEICHHbIE MPOMEKYTKH
BpeMeHu. CoBpeMmeHHass o00paboTka UU(POBBIX CHUTHAJIOB NPOUCXOJIUT HA
MEPCOHAIBHBIX  KOMIIBIOTEpAX WM Ha  MPOU3BOACTBEHHO-BBIUMCIUTEIBHBIX
MallluHaX.

CyuiecTByeT pas3felieHHe CHTHajJOB 1O BUAY MaTEMaTUYECKONM MOJENu.
CurHasipl, B COOTBETCTBHM C HMX XapaKTEpUCTHUKAaMH, IOJPAa3JCIAOTCd Ha JBa
OCHOBHBIX KJlacCa — CTOXacCTHYECKUE (CIydallHble) W HEIETEPMUHUPOBAHHbBIC
(ompenenennbie 3apanee). HeneTepMHUHUPOBAHHBIE CUTHANBI XapaKTEPU3YIOTCS TEM,
YTO KX BEJIMYMHBI B KOHKPETHBIM BPEMEHHOM MOMEHT WM B ONPEACICHHOU
IPOCTPAHCTBEHHOM TOYKE MOTYT OBITh TOYHO ONPEAEICHbl WM BBIUMCIEHBI Ha
OCHOBE KOHKPETHOTO TMpaBwiia WM (yHKIHUOHATHHOM 3aBUCUMOCTH, JAXKE €CIU
COOTBETCTBYIOIIAsl aHAIUTUYECKasd (popMa ocTaeTcsi HEM3BECTHOM.

B omimume OT HHMX, CTOXaCTHYECKHME CHUTHAJIBI HE O00JIaJaloT YeTKOH
MPENICKa3yeMOCThIO, U JIJIS JTF000T0 MX 3HAYSHHS] MOYKHO JIUIITh OIICHUTH BEPOSITHOCTh
MOSIBJICHUSI BHYTPHU OIPEAEIEHHOTO Juana3oHa BO3MOXHOCTeH. Yacto, Xapakrep
pacrpeeieHuss TAKUX CUTHAJIOB OCTAE€TCSl CKPBITBHIM, HO 3HAUUTENIbHYIO YaCTh U3 HUX
MOXHO  ONHcCaThb 4Yepe3  HOpMajbHOE  paclpeliesieHue C  XapakTepHOU
KOJIOKOJI0O0Opa3Hoit rpaduueckot Qopmoit. I omnucaHus TakuX 3aKOHOB
pacrpeqieseHus UCIOIb3YIOTCA MapaMeTphbl, HApUMEpP, CpeaHee (MaTeMaTHYEeCKOe
OXKMJAHUE) U JUCIEpCHsl, YKa3blBalOIIME Ha CTENeHb pa3dpoca 3HAYECHUU

OTHOCHUTCIIBHO CPCAHCIO.
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XapakTep  CTOXACTUYECKMX  IPOLECCOB  OMUCHIBAETCS  (DYHKUUAMU
aBTOKOPPEIALMH, JEMOHCTPUPYIOIIMMHU KOPPEIALIMOHHBIE CBA3U 3HAYCHWW CUTHAJIA
Ha pa3HbIX BPEMEHHBIX OTpPE3Kax, WJIM aBTOKOBapHALIMH, TJI€ OTHOIIEHHE Oa3upyercs
Ha LIEHTPAJIU30BAaHHBIX JAHHBIX. JlJI1 OLIEHKM B3aMMOJACUCTBUA JIBYX CIy4YaHHBIX
CUTHAJIOB MTPUMEHSIOT MOHATUE KPOCCKOPPEIALUUU UIH KPOCCKOBAPHUALIUH.

JleTepMHpOBaHHbBIE CUTHAJIBI B CBOKO OYEpENb JEIATCA Ha MEPOUAUYECKUE U
HENepuoaAnYecKue curHaiel. llepuoauyeckue CHUTHajIbl MPEACTABISAIOT U3 cels
rapMOHMYECKHE U TOJMTrapMOHUYEckHe curHaisl. [lepuoanueckue BuOpanmu
NOJIPA3JIEIAIOTCS HA CHHYCOUAAIBHBIE U CIIOKHOCOCTABHBIC KayaHUs. XapakTepHas
yepTa TaKOro poja BHUOPALMOHHBIX IPOLIECCOB 3aKIYACTCs B UX HACHTUYHOM
MOBTOPEHUHU YEPE3 CTPOrO OMPEAEITICHHBIE IPOMEXYTKH BPEMEHU. DTO OTOOPAKEHO B

dbopmye 4:

S(t) = S(t + KT), (4)

rine K — mpencrapiseT co00 ENOYHCICHHOE 3HAYCHHUE YHCIA ITUKIIOB;

T — obo3HauaeT BpEeMEHHOW MPOMEKYTOK, [0 OKOHYAHUH KOTOPOIO CHUTHAJ
BO3BPAIAETCS B CBOE U3HAYAIBHOE COCTOSHHUE.

JUITUTENTbHOCTh 3TOTO MpoMexyTka T cTaOuiibHA W OrpaHHYEHa JJIA KaXKIoro
OTJIEJBHO B3ATOTIO CUTHAJIA.

Cpenu curHanoB, KOTOpPbIE HE MPOSBISAIOT IEPUOIUYHOCTH, BBIIEHSIOTCS TAKUE
BU/JIbI KaK KBa3UINEPUOIUUECKUE U HEPETYIISIPHBIE BapHaLiu.

KBazunepunoanueckue Bapualuyd HAllOMUHAIOT MHOTO TapMOHHYECKHUE
KoJieOaTeNbHbIE MPOLECChl, TAK KaK UX CTPYKTypa CKJIAJbIBAE€TCS M3 KOMIIOHEHTOB
MHOKECTBa TapMOHHUYECKUX KOJeOaHWN, MHOINA YHUCIO KOTOPBIX MOXET OBITh
CTpeMHTENIbHO OoibiMM. HO B MpOTUBOBEC MCTUHHO MEPUOIUYECKUM BOJHEHUSIM,
COOTHOIIIEHHE YacTOT Yy IMOYTH NEPUOJUYECKUX M3MEHEHUW HE COCTOST U3

OCIOYHMCIICHHBIX MHO)KI/ITGJ'IeI‘/JI, HUX IpoImoponuda HEC BXOAUT B pAd pallMOHAJIbBHBIX
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3HAYEHUN. DTO MPUBOAUT K TOMY, YTO MX LHMKIbI BOCHPOU3BEIACHUS HE BBIPAKEHBI
TOYHBIM YMCJIOM U KaK MPaBUIIO CTPEMSITCS K OECKOHEYHOCTH.

HeperynsipHble cUrHaIbl COCTABIISIIOT OCHOBHYIO JOJIO B KATETOPUH CUTHAJIOB,
HE JIEMOHCTPHUPYIOIMIUX MEePUOAUYHOCTH. OHU MOTYT OBITh MPEACTABICHBI B BHJIE
pPa3HOIUIAaHOBBIX (YHKIUI BPEMEHHOTO psifa, KOTOpble HE MOMYUHSIOTCS YETKOU
MOCIIEI0BATEIHLHOCTH MMOBTOPEHUI uyepe3 CTaOMIbHBIE BPEMEHHbIE OTpe3Ku. B 3ToT
THUIl TaKXKE BIMBAIOTCS UMITYJIbCHbIE U3MEHEHHS, UMEIOIINE CYLIECTBEHHYIO POJib B
00JacTsAX PaIAUOAICKTPOHUKH W Tele(hOHUU. DTH UMITYJIbCHBIC KOJICOAHUS HMEIOT
3apaHee omnpeneNéHHy0 (HopMy, 3a4acTyI0 TIOBOJIBHO MPOCTYIO, U OTPAHUYEHBI TOYHO
OIpeeNEHHBIM IPOMEKYTKOM BPEMEHHU.

CurHasnbl CJI0KHOCOCTABHOTO XapakTepa (POPMHUPYIOTCS IYTEM HaJOKEHHUS
HECKOJIbKMX CHHYCOUJAJIBHBIX AJIEMEHTOB C Pa3HALIMMUCS BEIMUYMHAMHU aMIUIATY]L
An u yrmamu cMmenieHuss ¢aszbpl on. Y KaXJAOro TaKOro »JIIEMEHTa HMEETCA
cOOCTBEHHAsI 4acTOTa, KOTOPasl MPEJICTABISAET COOOM KpaTHOE 3HAUEHHE MEPBUUYHON
win 6a3oBoii 4vactorhl fp. KpuTuuecku 3HAaYUMBIM acCHEKTOM SIBJISETCS TO, YTO
0azoBass yactora fp MO0 WUACHTUYHA HAMMEHBIIEH YacTOTE Cpeau BCeX
COCTaBJISIOLIMX, MO0 MEHbIIE HAaUMEHbIIEH B IIeJI0€ YnciIo pa3. Takoe MoJioKeHne
JieN MIPEANnoaraer, 4rTo BHYTPH OJHOTO LUKJIA 0a30BOM 4acTOThl OyAYT MOJHOIIEHHO
COJEP)KAThCS BCE TMEPHOJbl TAapMOHHUK, YTO SBISAETCS MPEANOCHUIKON st
IOCTOSTHHOTO M TOYHOI'O BOCHPOM3BEAEHUS 00IIel (OpMbl CUTHaia, COXPaHssl €ro
NEPUOANIHOCTb.

Cy11ecTBYIOT HECKOJBKO THUIIOB CHUTHAJIOB MO HempepblBHOCTH. OauH u3
KOTOPBIX MPEICTaBISETCS] aHAJIOTOBbIM CUTHaoM. CaMoe OCHOBHOE, YTO CJIETYET
y4eCcTb, 4YTO aOCOJIIOTHO BCE CHUTHajJbl MPUCYTCTBYIOIIME B MEAMIIMHCKOM,
XUMHYECKOHM, MPOMBIIIJICHHOW M JAPYTUX OTPACisIX MOXHO TNPEACTaBUTh B BHUJE
apryMeHTa Kako-nmubo ¢yHkiuu. Hamnpumep, s CTaTUYHOTO W300paKeHWUs,
MIOJIYYCHHOTO Ha KpaHe, MOXHO HCIOB30BaTh NepeMeHHbie: S = S (X, Y). Ecnu xe
U300pakeHre UMeeT JIUHAMHYECKHM XapakTep B MPOCTPAHCTBE, CIEIYET

UCIOIB30BaTh GyHknuo: S = s (t, X, y).
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CymiecTByeT eme OAMH THII CHrHajga — JUCKpPeTHbIM. OH OYEeHb CXOX C
aHAJIOTOBBIM CUTHAJIOM IO ()YHKIMHU HCIIOJIb30BAHMSI, OJJHAKO pa3iauuus ecTh. Tak,
€CJIi B aHAJIOTOBOM CHUTHAJI€ MMPUCYTCTBYIOT (YHKIIUU apTYMEHTOB, TO B TUCKPETHOM
CHUTHAJIC — 3TO MOCIe0BaTeNbHOCTH Braa S; = s(t;), S, = s(t,) u Tak nanee.

KBaHTOBaHHBIN CUTHAJI — 3TO YCOBEPIUIEHCTBOBAHHBIM JUCKPETHBIM CHUTHAIL
31ech 3HAYEHUs aMIUIMTYJbl MOTYT NMPUHUMATh TOJBKO ONPENEICHHBIE 3HAYCHUS.
[Tpoucxoaut HenpeprlBHOE MpeoOpa3oBaHUE CUTHAJA B JUCKPETHBIN, C IIEJIBIO €ro
JanbHENIero wucmnosib3oBanud. llpoucxoautr B nBa stama. CHayana oTOMparoTCs
MOMEHTHI BPEMEHH, T'1Ie OyJeT MPOUCXOAUT U3MEPEHHUE U (PUKCAIIUSI 3HAUEHUM, 3aTEM
KBaHTOBaHHUE IO YPOBHIO. B 3TO »Tane nmpoHCXOAWUT 3aMEHa IMOJIYYEHHBIX 3HAYCHUN
CUTHAJIa OMMDKAWIIMMU 3HAYEHHUSIMU U3 HA00pa (PMKCUPOBAHHBIX BEJIMYMH. B TaHHOM
Cllyyae, KBAaHTOBAaHHBIM CUTHAJ IOJY4YaeTCs MPHU 3allCH 3ByKAa Ha 3JIEKTPETHBINA
MukpopoH. Ilpu 3anucu aHaANOroBBI CHTHAI C TMOMOUIBIO KBAaHTOBAHUS
npeoOpazyercss B LUPPOBOH, KOTOPBIA B JaJbHEWIIEM MOXXHO MPUMEHATh U
00pabaThIBaTh.

Eme oaun Bun curnana — uudposoii. Kak ropopurcs Beiiie, HU(ppoBOil CUTHAI
oOpa3yeTcs U3 aHaJIOrOBOr0 MOCPEICTBOM JUCKpeTu3anuu. [Ipoucxoaur nsmMenenme
aMIUTMTYIHBIX 3HAUEHUW CUTHAJa Yepe3 ONpeleJICHHbIE UHTEPBAJIbl BPEMEHH.

JUist Toro, 4ToObl TPOU3BECTH OINEPAMI0 MO OO0pPa30BaHUIO AUCKPETHOTO
cUrHajga B UU(POBOM, NPUMEHSETCS KBaHTOBaHME M KoJaupoBaHue. Bce stu
omepaliu BXOJAT B COCTaB aHajoro-uudposoro npeoodpazosarens (ALIII). Takue
yCcTpoiicTBa ciykaT i (OpPMHUPOBAHMSI CHUTHAJIa W3 pEAIbHOIO MHUpPA B
BUpTyanbHbld. CymecTtByer Takxke mnporuBonoioxHocTs ALl — sto AL,
uudpoananorossiii mpeodpazosarens (LUAIT). On ciyx uT ay1st 0OpaTHOTO AITrOpUTMA
nevictBuit curaana [10].

3BYKOBBIE HABOJKU U MCKaXEHUsI GOPMHUPYIOT OTIAEIbHYIO KaTETOPUIO B MUPE
pa3HooOpa3HbIX cuUrHasioB. OHM BHOCAT HETOYHOCTH B TEPBUYHBIA CHUTHAJ, C
KOTOPBIM MPOU3BOIUTCS pabota. HecMoTps Ha TO, UTO OHU HE MEPEHOCST LIEHHOCTh C

MH(OPMAIMOHHOW TOYKH 3PEHUSI U OTTOTO HE BIUCBHIBAIOTCA B TOUHOE OIpPEACIICHUE
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CUTHajJa, UX HMHOIJA BCE K€ YNOTPEOJSAIOT B KAaYECTBE «CHUTHAJIOB», TaK KaK MX
NOBE/ICHUE TMOJBEPKEHO H3MEHEHUSAM OT TeX K€ (PaKTOpOB, UTO U CHUTHA,
MPEJICTABIISIFOIINI UHTEPEC, U OHU BO3HUKAIOT B PEAKIMU Ha (PU3UYECKHE SIBICHUS.
Uro06bl M30€XaTh MyTAHULIBI, IPUHITO PA3AEIATh «MH(DOPMALMOHHBIE CUTHAJIBD» U
«HCKaXXEHUS U 3BYKOBBIE HABOJKI.

NHorna MOXET NpPOMCXOAWTh CMEHAa poJied, M TO, YTO B OOBIIEHHOCTH
OIMCHIBAETCS KAK MCKAXKEHUs, 000paunBaETCs MOJIE3HBIM PECYPCOM. DTO CIy4aeTcs,
K MPUMEPY, KOTJa CTOUT 3ajladya MpOaHATU3UPOBAaTh CBOMCTBA 3BYKOBOTO (hoHA AJis
CO3/1aHHUs CLIOCOOOB €ro HeNTpaIu3aum.

TepMuH «HUCKaXEHHE» HCIOJB3YETCS Ul ONUCAaHUS BHEMIHHUX 3((EKTOB,
KOTOpbIE OOJIMBAIOT MCKAKEHUSIMH WH(OPMATUBHBIA CUTHAI B PAMKaX CHUCTEMBI.
YacTbIMU HpUMEpaMU MOXKET CIYXHUTb JJIEKTpUYECKUH (OH CO CTaHIapTHOM
gactrorod B 50 I'm, wWcxomsmmid OT DJJIEKTPOCETH, MW JIIEKTPOMArHUTHBIE
BMEILIATEIbCTBA,  KOTOPBIE  POXAAIOTCA  MpPU  BIUSHUM  Pa3HOOOpa3HBIX
JIEKTPOMATrHUTHBIX MOJIEH.

3a TEepMHHOM «IIyM» MpsSYeTcss HaOOp BHYTPUCHUCTEMHBIX CIIYYalHBIX
uckaxkeHnd. Tak, Hampumep, TEIUIOBBIE IIyMbl MOSBISIIOTCS B PE3UCTOpax, a
(GAMKKep-IIyM OTMEYaeTcs B TPaH3UCTOpax. B CBSI3M ¢ Te€M, YTO IIyMbl B HalleM
MHUpE 3a4acTyl0 TMpPOSIBISIOT OJHOTHUIIHBIE XapaKTEPUCTHKH, HX O0000IIAl0T B

OTACJIBHBIC KaTCTOPHUH.

3.2. IIpeodpa3oBaTesid CUTHAJIOB

AIIIl mpoBOAUT KOAMpPOBAHWE AHAJIIOrOBOIO0 CHUrHana. KitodyeBble acCIeKThI,
OTIpENICAIONINE JUHAMHYECKYI0O TOYHOCTh TMpU paboTe aHaioro-mudpoBoro
npeoOpa3oBaressi, BKIOYAIOT B ce0s:

— TIMKOBYK) 4YacTOTy JAMCKpPETHU3aAllMU, YTO JEMOHCTPUPYET MPEACIIbHYIO

4acTOTy, Ha KOTOpPOM aHayoro-mudpoBoil mpeodpa3oBaTesib CIOCOOEH
npeBpaniaTh HEMPEPHIBHBIM CUTHAN B JUCKPETHBIM (popMar, ocTaBasch B
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rpaHuLAX 3aJI0)KEHHBIX [POU3BOJUTENIBHBIX TPEeOOBAaHUM, TaKUX Kak
HOJJepKaHUE  MOHOTOHHOCTM  WJIM  o0ecredeHue  (UKCHPOBAHHOM
JUHEHHON OWMOKK, HW3MEpssi NpU STOM BEIUMYMHY B Trepuax Wi
KOJIMYECTBE OTCUETOB 3a CEKYHIY;

— Tpouecc npeodpasoBaHus (tp,), KOTOpas OTPaXaeT WHTEPBAJ BPEMEHH

MEXAy HayalbHbIM MOMEHTOM paboOThl mpeoOpaszoBaTens (Kak IMpaBUIIO,
ATOT MOMEHT COBIAJaeT C TMOJIYYEHHEM CHUTHAJIa JAUCKPETH3aluu) H
MOMEHTOM, KOT/Ia Ha BBIXOJIE YCTpPOWCTBa chopMupyercs HaIS)KHBIN
upoBO KOJ, COOTBETCTBYIOUIUMN BXOAHOMY aHaJIOTy, TJl€ HHTEpBal
MOKET U3MEHATHCS B 3aBUCUMOCTH OT TUIA YCTPOMCTBA,;

— Bpems (QuKcauuu 3HaYEHUsA (CTPOOMPOBAHUE), KOTOPBIM OCYIIECTBISET
3aXBaT MTHOBEHHOW aMIUIATYJbl aHAJIOTOBOIO CHUTHalla ISl  €ro
nanabHeunIero npeodpazoBanus B HUGpoBYyIo Gopmy.

s npumepa, ALl ¢ mocnemoBaTenbHbIM MOACYETOM MM MHOTOIIArOBBIM
WHTETpUpPOBAaHUEM OyJyT UMETh BPEMEHHOW IMPOIIECC, 3aTATUBAEMbIN ypOBHEM
BXOJIHOTO CHUTHaja, TOrJa KaKk YCTPOMCTBAa MAPAUICIBHOTO THUIA WU
nocJieIoBaTeIbHO-TIapaJlJIeIbHOrOo  JecTBus, a Takke Allll ¢ wmerogom
MOCJICIOBATEILHOTO  CPABHEHMS, JIEMOHCTPHUPYIOT Oojiee CTaOWIbHOE BpeMms
npeoOpa3zoBanud. CTOUT TakKe OTMETUTh, YTO B cuTyauusx, koraa ALl paboraer
0e3 BCIIOMOTATENLHOTO YCTPOWCTBA yJAEpXKaHUS CUTHaIA, MPOMEXYTOK BpPEMEHU
dbukcanuu COBHAJaeT € OOIIMM BpPEMEHEM HEOOXOJMMBIM ISl TpeoOpa3oBaHUs
CUTHAJIA.

«IIpeacTaBuTh MOJHYIO KOHCTPYKIMIO JAHHOTO YCTPOMCTBA MOKHO B BHJIE
0JIOKa, MMEIOIIETO OJIMH aHAJIOTOBBIM BXOJl, OJWH WM JBa BXOJa JJIs TOAA4H
ormopHoro (00pa3oBOro) HAMPSDKEHHS, a TakXke MU(POBBIC BHIXOABI JJIS BbIAAUN
Ko/, 4 COOTBETCTBYIOIIETO TEKYIEMYy 3HAaYCHHUIO aHajoroBoro curranay [20]. AT
MPOU3BOJIUT O0Opa3oBaHWE C MOMOIIBIO JUala30Ha BXOJHOTIO HampspkeHus. Takke
CJIETyeT YYeCTh, UTO T10/1a4a HAMIPSHKEHUS MOKET OBITh KaK M0 OJTHOMY IMMUTAHHIO, TaK

H 10 JOBYM. Hpnqu, HanpsKCHUE MOKCET HMMCTL JIBa Pas3HbIX 3HAYCHMA,
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OTPULIATENIBHOE U TOJIOKUTEIBHOE, HO B 3TOM Clly4a€ JOJDKHO IOAABaThCS [1BA
OTMOpHBIX  HampsbkeHus.  Mexay  coboit ALl paznuuaroTcss  4acTOTOM
npeoOpa3oBaHus, KoTopas MoxkeT BappupoBatbes oT 100 k['r mo 1000 MTI'm, a Takke
pa3psAIHOCTBIO OT 6-24 6uT. CTOUT OTMETUTD, YTO B YACTHIX CIIy4asiX UCIOJIb3YIOTCS
IIOCJIEA0BATENBHBIN U NIapajuieabHbid BUAbl AL
B ananoro-mmdpoBom npeoOpazoBaresne MociaeoBaTeIbHOTO TUIIA MPOIIETypa
npeo0pa3oBaHus aHAJIIOIOBOIO BXOJIHOTO CUTHAja OCYIIECTBIISETCS MOLIAroBO IMyTEM
COITOCTABJIEHUS ITAHHOT'O CUTHAJIA C PAJIOM OIOPHBIX YPOBHEW HA OCHOBE €UHUYHOTO
MU3MEPUTENLHOTO YCTPOMCTBA — KOMITapaTopa. 3HAUYEHUE BBIXOJHOTO MHU(PPOBOIroO
KOJIa OIIPENEeIIIeTCd WUTEPALMOHHO, B COOTBETCTBUM C MCXOJOM KaXXIO0I'0 TaKOIO
cpaBHeHus. IIponecc HaumHaeTcss ¢ MOAAaYM BXOJHOTO HAIPSIKEHUS HA OJIWH U3
BXOJOB KommapaTopa. Ha BTOpol BXOJ 3TOro K€ KOMIaparopa HampaBiseTCs
M3MEHSEMOE OMOPHOE HANPSHKEHUE, MEHSIOIIEECS MOIaroBo BO BpemeHu. CUrHai ¢
BBIXOJIa KOMIIaparopa IMEpeAacTcss B PErUCTP METOAAa MOCJIEA0BATEIIbHBIX
anmpoKCcUMaIui, KOTOporo (yHKIMs CBs3aHa C BHEIIHEH cuHXpoHu3anuen. OT
perucrpa moJiydeHHbI koj Hampasiserca B LIAIL 3amada kotoporo — cosngaHue
MOJIU(MDUIIMPYEMOT0 ATAJIOHHOTO HampspKeHHs U3 0a30Boro. MexaHusMm paboThI
perucTpa MociaeaoBaTeIbHbIX alMpPOKCUMAIIU MOApa3yMEBAaeT BHIOOp CleAyOIIeH
CTyIICHM  ONOPHOrO  HANpsDKEHUs B COOTBETCTBMM  C  pe3yibTaramu
MPEIIECTBYIOMIETO CPABHEHUS, COITIACHO OIPEACIEHHOTO aJlTOPUTMA.:
— Ha MepBOW CTAJUU CUTHAJI CTABUTCS B COOTBETCTBHUE C TIOJIOBUHOM 6a30BOTO
HaINpsLKCHUS;
— €CIIH CHUTHAJI OKAa3bIBAETCSI MEHBIIE HTOM MOJIOBUHBI, TO Jajblli€ OH
CPaBHUBAETCA YK€ C YETBEPTHIO OT 0A30BOr0 3HAYCHHMS, B TO BPEMs Kak B
PETUCTp MOCIEI0BATEIBHBIX aMMPOKCUMAIIUM 3alTUChIBACTCSI BHICOKUN OUT
BBIXO/JIHOTO KOJIa KaK HOJIb,
— eclli CuTHaj OoJibllle TIOJIOBUHBI 0a30BOTO 3HAYEHUS, CIEIYIOIIee
CpaBHEHHME TPOU3BOJIUTCS yKe C 3/4 OT 3TOro HANpPsKEHUS, MPU ITOM

3aMUCHIBACTCS BHICOKHM OUT pe3ysbTaTa B BUJC €IUHUIIBI.
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OTOT UMKJI CPaBHEHUH MPOAOKAECTCS HYKHOE KOJIMYECTBO pa3, KaxAbld pa3
BO BpeMsl TaKkTa BEJIMYMHA U3MEHEHHsI OMOPHOTO HAIMPSIKEHUS COKpAIaeTcs BIBOE.
OT0 AeicTBUE NPOJOJDKAETCS O TOIO MOMEHTA, MOKAa OIMOPHOE HAIpPSHKEHUE HE
OyIeT MakCUMalIbHO OJIM3KO K M3MepseMOMYy BXOoJqHOMY curHaiy. [Ipouecc Tpedyer
N TaKTOB, NPHUYEM IOCIECAHUN TAaKT MOCBAIIAETCS OINPEACIICHUI0 HaWMEHbIIErO
paspsiaa.

Takas MeToauka M3MEpPEHUsI OKa3bIBAaCTCS OTHOCUTEIBHO MEJICHHOM H3-3a
HEOOXOJMMOCTH OXHJIAaHUS HECKOJIBKMX TAaKTOB, 3a BpPEeMsS KOTOPBIX JIOJKHBI
yCIeBaTh COBEpIATh HEOOXOJIWMBIE ONEpaly Kak KOMIapaTtop, TaK WU PErucTp
IIOCJIEIOBATENbHBIX annpokcumanui, nomumo L[Alla. Benencreue 3Toro anamoro-
uuppoBble  MpeoOpa3oBaTeNy €  MOCIEAOBATENIbHBIM  JIEUCTBHEM  00JIaJaoT
CYLIECTBEHHBIMU BPEMEHHBIMU 3aJIep’)KKaMH B Ipolecce MpeoOpa3oBaHUs U
XapaKTEPHU3YIOTCS OTHOCUTEILHO HU3KOW YacTOTOM MpeoOpa3oBaHusl.

«AlIl nmapamienbHOro Tuma padbotaeT 1o Oosee MpocToMy MNpuHIUIy. Bcee
paspsabl BBIXOJHOTO KOJa BBIYUCISIOTCS B HUX OJHOBPEMEHHO (MapajienbHo),
MOATOMY OHM Tropaszo OwicTpee, uem mnocnenoBarenbHbie AllIl. [IpaBma, oHu
TpeOYIOT MPUMEHEHHS OOJBIIIOTO KOJIMYECTBA KOMIApaTopoB (2n — 1), 4TO BBI3bIBAET
YHCTO TEXHOJIOTUYECKHUE TPYIHOCTH TIPU OOJIBIIIOM KOJMYeCTBe pa3psiaony [20].

UToObl yIy4YIIUTh CKOPOCTh pPabOThl MpU MNPUMEHEHUU NapaIICIbHBIX
aHanoro-uudpoBeix npeodpazosateneit (ALl[l), wHOrma wucmonab3yercs METON
KOoHBeWepuzanuu. [Ipy TakoM noaxoae pe3yiabTarbl U3MEPEHUM KOMIApPaTOpPOB
buUKCUpYIOTCS B TapaJlIeIbHOM pErucTpe ¢ mupuHo (2n — 1) 6uT. Cxoxkum
o0pa3oM, KpUIrTorpaMmma, MojayyeHHast U3 KOJUPYIOLIEro yCTPOWCTBA, COXPaHIETCs B
n-6utHOoM mapamwieabHoM peructpe RG. O6a »Tux XpaHunuumia HHPOpMaLUU
CUHXPOHU3UPOBAaHbl ~ OJMHAKOBBIM  YacCTOTHBIM CUTH&JIOM, YTO YMEHBIIAET
HEOOXOJAMMOCTh B BBICOKOIPOU3BOAUTEIBHBIX KOMIIAPATOpax M KOJIWPOBIIMKAX.
OpnHako u3-3a MPUMEHEHHUS JaHHBIX perucTpoB KoHeuHbll curHasn ALl HenzoexHo

II0JIy4aeT BPEMEHHYIO 3a1€PKKY, PABHYIO JBYM LIUKJIAM.
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[Ton wupeanom, Korga MNpoLECC HEOTHOKPATHOIO IIEPEBOJA OJMHAKOBOIO
CTaOMJIBHOTO aHAJIOrOBOTO0 CUTHaJIa B HHU(PPOBYIO (HOPMY OCYLIECTBISETCS MpU
noMomy  a”ayoro-iuppoBoro  ycrporictBa  (AIlY), oxumaercs moTydeHHE
UJCHTUYHBIX UU(QPOBBIX JaHHBIX Ha BbIxoJe. Ho B pealbHOCTH, BCIEICTBUE
HEU30€)KHOTO TMPHUCYTCTBUS DJICKTPOHHBIX IMOMEX B caMoM yctpoiictBe AllY,
3a(MKCHUpPOBaTh MOKHO HE3HAUWUTEIBHBIE pa3JIMyusl B BBIXOJHON HH(POPMALIHH,
dbopmupyIolMe Uana3oH MOTEHUUANbHBIX 3HAYEHUH ISl UIACHTUYHOTO BXOJIHOTO
HaIpsHKEHUS.

Ecnu ’xe momaBaeMblii Ha BXOJ aHAJIOrOBO-IIM(PPOBOro MpeoOpazoBaTens
CUTHAJ SIBJIIETCS TIOCTOSIHHBIM U OCYIIECTBIISIETCS MHOXKECTBO €r0 NMPeoOpa3oBaHM,
TO pe3yJbTaTOM CTAaHOBUTCA HEKOTOPOE paCHpelesieHUe BBIXOAHBIX JIaHHBIX.
CoznaBasi THCTOrpaMMy IIOJIyYEHHBIX PE3YJIbTATOB W IPUMEHSs] K HEH METOJMbI
aHalM3a rayccoBa paCIpEeAesIeHHs,, MOXKHO PAacCUMTATh CTAaHJAPTHOE OTKJIOHEHHE,
YTO JTa€T HaM IPEACTABICHHUE O KBaApaTe CPEAHEKBAIPATHUECKOr0 OKA3aTelsl IyMa
B IpeJenax aHajioro-uu@poBoro mnpeoOpa3zoBaTesa. ITO MO3BOJSET OIPENEIUTD,
HACKOJIbKO CHJIBHO IIIyM BJIMSI€T Ha TOYHOCTh MEPEBOJA AHAJIOTOBBIX CHUTHAJIOB B
ndpoByo dhopmy.

Hudpo-ananorossiii npeodpazosatens (LHAII) — 3710 ycrpoiicTBo, KOTOpoe
NPUHUMAET Ha BXOJ IU(POBOM CHUTHAlI M IMpeodpasyeT ero B aHajoroBbiil. OHO
UMEET HECKOJbKO IU(POBBIX BXOJOB ISl MpuéMa n-OMTHOro IUGPOBOro Koja
(curHana) W OAMH QHAJOTOBBIA BBIXOJA, TAE€ TMOSBISETCA MPeoOpa3OBaHHBIN
aHasioroBelii curnai. [IpeoGpa3oBaHue NpPOUCXOAUT HA OCHOBE 33JJaHHOT'O OIIOPHOTO
nanpspkenus: (UREF), onpenensitomero BenuunHy BeIXOAHOTO TOoka (IBBIX, MHOTHA
obo3nauaemoro kak 10) wiu Hanpsbkenus (UBbIX, BO3MOXHOe 00o3HaueHue — UO),
YTO 3aBUCUT OT apXUTEKTYpbl KOHKpeTHOU MUKpocxembl LIAIl. BrixogHoil curnain
U3MEHSETCS NPOIMOPLMOHAIBLHO BXOJHOMY LU(PPOBOMY KOAY U  OIOPHOMY
HaIpPsHKEHUIO.

OnopHoe HanpspkeHue i pasHbix TunoB ILIAIl moxer ObITH CTpPOTO

(UMKCUPOBAHHBIM WJIM PETYJIHUPYEMBbIM B IIMPOKUX MpenesiaX, BKIOYas W3MEHEHUE
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ero nojsipHoctu. Takue LIAIlbI, KOTOpBIE NO3BOJSIOT PETYJIUPOBATH OIMOPHOE
HalpsOKEHWE,  HA3bIBAIOTCA  «YMHOXAIOIIMMMW»,  IOCKOJBKY  OHM  MOTYT
MacmTabupoBaTh BXOAHOW NMU(PPOBON CHUTHAT B 3aBUCHMOCTH OT BEJIMYUHBI 3TOTO
HaIpsKECHUS.

Jnsa npaBuibHOU paboThl, LHAII TpeOyeT moakimoueHus] K ICTOYHUKY MUTAHUS
u 3emie. [{udpoBbie BXoapl yCcTpoiicTBa OOBIYHO COBMECTHUMBI CO CTaHIAPTHBIMU
YPOBHSIMH CUTHAJIOB TPAH3UCTOPHO-TpaH3ucTopHoi oruku (TTJI).

B cayuasx, wxorma IIAIl ocHaméH TOKOBBIM BBIXOJIOM, BO3MOXHO
npeoOpa3oBaHWe TOKa B HaNpsDKEHHE NPU MOMOIIM BHEIIHETO ONEPAMOHHOIO
ycuiurtens B cBs3ke ¢ pesuctopoM (Roc), BcrpoennsiM B LIAIl u ¢ xoHTaKTOM,
BBIBOJIMMBIM 32 MIPEIEITbl MUKPOCXEMBI.

[IpeoOpazoBanue wu3 1mdpoBoit ¢opmbl B  anajoroByto B I[AII
OCYILIECTBIISIETCS MyTEM CYMMHUPOBAHUS TOKOB, COOTBETCTBYIOIIMX KaKJIOMY OUTY
BXOJHOTO LK(ppoBoro koxa. [Ipym 3ToM BelIMYMHA KaKIOTO CIEAYIOIIErOo TOKa B J1BA
paza Oosblie mnpensiaymiero. Jus reHepanuy  TOKOB — MCHOJB3YIOTCS WM
TPAH3UCTOPHBIE HCTOYHUKH, WM PE3UCTOPHBIC LEMH, KOTOPHIC YIIPABISIOTCS

MNCPCKIIIOYAOINMU TPAH3UCTOPAMH.

3.3 Hudposas o6padoTka curuajia

[Ipu 3anucu 3ByKa BO BpeMsi TEXHOJIOTUYECKOM orepaiuu ciaeayeT oopadorathb
CUTHaJ 1O onpeieleHHbIM npaBuiiaM. [Iporecc pe3anust — 3T0 COBOKYIMHOCTh 3BYKOB
BCEX Y3JIOB CTaHKAa, KOTOPOE OYEHb CJIOXKHO TMOJAAeTCs Kakoh-1ubo oOpaboTke
CUTHaja JJi1 JOCTH)KEHHUS YHMCTOrO 3ByKa Mpollecca MPUKOCHOBEHUS 3arOTOBKU U
pe3na. s Takux CilyyaeB CYIIECTBYIOT ONpe/AeTIeHHbIE METObl IPeoOpa3oBaHus U
00paboTKM CHUTHAJA C MOCIEAYIOIIMM €ro HCIOJb30BaHHEM B AITOPUTME PabOTHI
JMArHOCTHKH MPOIIecca Pe3aHusl C MOMOIIBIO0 HCKYCCTBEHHBIX HEMPOHHBIX CETEH.

JlocTaTouHo 0O0JbIIOE KOJMYECTBO ONEpaluid, MPOU3BOAMMBIX 1O 00paboTKe
3BYKOBOT'O CHTHaja. JTO MOTYT ObITh M3MEHEHHE aMIUIMTYAbl CHTHaja, YacTOTHOE
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U3MEHEHUE BOJHBI M Ip. OIHAaKO caMble OCHOBHBIE ONEpPAllMA IO KIIFOYEBBIM
U3MEHEHUSIM CUTHAJIA CTPOSITCS Ha OCHOBE OJIOUHBIX KOHCTPYKIUH.

[lomydenHslii curHanm TpeOyeT TIIyOOKOW KOpPpENsIlUd C YYETOM BCeX
[IapaMeTpOB IIPU PaA3IMYHBIX MPOXOJAaX HHCTpPyMEHTAa. Tak Kak IpoLecC pe3aHus
HEenpeacKa3yeM, M 30Ha 3aliCH CHUTHAJla MOXKET OBITh 3aTpyJHeHa. TpyaHOCTh
BO3HHMKAET B BO3MOXXHOCTH HAJMMAHUS CTPYKKH Ha JATYUK, MOSBJICHHE BBICOKOM
30HBI TEMIIEPATYPBI, LIYMOBBIE IOMEXH JIEKTPETHOTO MUKPO(OHA — BCE ITO MaryoHo
BIIMSIET HA TAIBHENIIYIO JUArHOCTUKY IIPOLIECCa.

Jlis 00pabOTKM 3BYKOBBIX CHUTHAJOB CYLIECTBYET METOJl IpeoOpa3oBaHUE
curHaia B psa @ypee. Psag @ypee — 310 pazaeneHue ogHOro OOJBIIOro CUTHajIa Ha
cunycouapl pyHkuuu. Kosebanus, KoTopble ObUIM 3allMCaHbl HA MUKPO(QOH HUMEIOT
onpeneneHHble  4acToThl. COOTBETCTBEHHO, Yy  KaXJAOW YacTOTBl MMeEEeTCs
ONpENENICHHAas] aMIUIMTyAa curHana. [lo momywyeHnro Takoro psga @ypbe MOXKHO
BBISICHUTH Pa3JIMyMsl 4acTOT, & TAKXKE MOHATh M MPOU3BECTH YACTOTHBINA aHAIHM3 B
nporpamme MatLab [7].

Paznoxenue curnanma B psag Dypbe HEOOXOOUMO NPOU3BECTH OJHUM U3
crioco6oB npeoOpazoBanus. EAMHCTBEHHBIN CIIOCO0, KOTOPHIH BO3MOXKHO HCIIOJHUTD
Ha KOMIIBIOTEPE — ATO NEPUOTUYECKUN TUCKPETHBIM CUTHAIL.

Psan ®ypbe — 5TO CHEKTpalbHBIM aHajdW3 CUTHAJA, 3allMCaHHOTO B XOZE
TEXHOJIOTHYECKOM ornepanuu. [Ipu TakoM aHan3e, MOKHO ONPENEIUTh MUKU U HU3BI
3BYKOBOIO CHTHajga, 4YTO B JalIbHEHWIIEM OTOOpa3UTCS HAa JUArHOCTUYECKOM
nokasaresie JaHHOW paboTel. HeoOxomumMo mMpou3BeCTH HECKOIBKO 3amuced Ha
AJIEKTPETHBIA MUKPO(DOH 715 MOTydeHHs ONPEEIeHHOT0 oObeMa AaHHbIX. [lo mepe
W3HAIIMBAHUS KaXKJOT0 M3 MPOXOJI0B MHCTPYMEHTa Mo ¢acke M3HOca, OyJeT BHUJICH
HaIIIHOE W3MEHEHHE 3BYKOBOIO COCTaBa CHTrHajda Ha cnekrpe vactor. llpum
YCUWJIEHUH TPEHUS PEXYIIUHA MHCTPYMEHT OTKIIOHSETCS OOJblIEe, aMIUIMTYJa 3ByKa
pacTeT U Mu3-3a U3MEHEHUS TPEHHUs BO3PACTAIOT YacTOThl. B nanpHeniiem Ipu
W3MEHEHUU NapaMETPOB MOSBISAETCS BO3MOYKHOCTh OTCIEAUTH MO OCAM CMEILECHHE

ITMKOB U HU30B 3BYKOBOI'O CMI'HaJIa Ha CIICKTPAJIbHOM aHAJIN3C.
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[Tocne pasnoxenus B pax @ypbe MOIMYYAOTCS CPENHHUE 3HAYEHUS IOJHOTO
curtana. /[ns toro, 4yToObl 3TO M30€X)aTh, CYLIECTBYET OBICTpOE IMpeoOpa3oBaHUE
®ypre. AnroputMm BII® rpynnupyer ciiaraeMble ¢ OJUHAKOBBIMUA MHOKHUTEISIMU,
3HAYMTENIFHO COKpallas 4HuciIo YMHOXXeHHil. B pesynbrare OnicTposeciicTBue BIID
MOJKET B COTHH pa3 MPEBOCXOAUTH ObICTPOACHCTBUE CTAHAAPTHOTO alroputma [26].

OH  ¢opmupyeT He  aMIUIMTYAHO-YaCTOTHYIO  XapaKTEpUCTHKY, a
crekTporpamMMmy. ['71e BUIHAa 3aBUCHMOCTh YacTOTbl, OT BpPEMEHH, a TaKKe
CyLIECTBYET ILBETHAs JuarpaMMa AamIUIMTyAbl, B pE3yJbTaTe IIOJY4YaeTCs
CIIEKTpOTpamMMa, Ha KOTOPOM B KaKJ10¥ MOMEHT BpeMeHH BujieH cpe3 AUX. [lmocom
SIBJISIETCS OTCJIEKMBAHUE TAKOM CIIEKTPOrpaMMbl B AMHAMUYECKOM (opMarTe.

[Tocne BII® M0XHO MPOBECTH ONpeaeiIeHHY0 (puabTpauto curHana. Kaxmapii
IIPOXOJ JOJDKEH IIOABEPraTbCs OIPENEICHHOMY Cpe3y YacTOT, HAWJACHHBIX IpPU
Pa3N0KEHUH Ha CIEKTPAJIbHBIM aHaiu3. DTO MOTYT OBITh MUKU KOPOOKH CKOPOCTEM,
NPUBOJA TOJAYM, JJIEKTPOJBUTATENSl CTaHKa, LIMUHAEIBHOro y3na. M3 pabouero
CUTHAJIa BBIPE3AIOTCS YacCTOTHBIE JUANa30HbI, KOTOPBIE MEIIAIOT JalbHEHIIECH
oOpaboTke 3Byka. [Ipu ynaneHMM TakuxX [MANa30HOB TEPSETCS HE3HAUMUTEIbHas
4acTh I10JIE3HOT0 CUTHAsa, OJTHAKO HA KAY€CTBO JUArHOCTUKU IPOLECCa ITO BIUACT B
MeEHbIIEM 3HayeHuH. Creayer yd4ecTb MOMEHT C  BBUIETOM 3arotoBku. [lpwm
YBEJIMYEHUH BBUIETA, BO3pacTaeT BUOpalMsl PEXYILIEro HMHCTPYMEHTa, KOTOpas B
JanbHENIeM oToOpaxkaeTcs B ayAHO3alucU. 3BYK OYyIeT MEHSThCS IO XOAY
o0paboTku 3aroToBku. Ha KOHIIaX 3aroToBKU OYJET, COOTBETCTBEHHO, >KECTKas
3aJieNika, Y4acTOTHbIM cocTaB Oyner Bo3pactarh. ClieqyeT TakKe y4UWUThIBaTh, UYTO
HOBBILICHHE XKECTKOCTH BJIEUET 3a OO0 MOBBIILIEHUE YaCTOT U HA00OPOT.

Ilocne mnpopenaHHBIX omepanuii Mo 00paboTKe 3BYKOBOI'O CHUTrHala,
IIOJIyYEHHOTO IPU TEXHOJIOTUYECKOU OIEpaLvy, CIEAYET 3arpy3UTh IOJyYEHHBIE
CIIEKTPOrpaMMbl B HEHWPOHHYIO CE€Th, KOTOpAas BbIAACT PE3yJbTAT JAHHOTO
AKCIIEPUMEHTA.

IIpu naHHOM ME€TOJE€ NUAarHOCTUKH IPOLIECCA PE3aHUs CIEAYET YUUTHIBATH

MHOECTBO MapaMeTpoB. Bo-nepBbiX, CIOKHOCTH 3aroToBoK. Eciin peub uaer o
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3aroTOBKaxX Pas3JIMYHON CJIOKHOCTHU IPHU BBIIIOJHEHUU PabOTHl HA OJTHOM CTaHKE,
TO BO3HHMKAeT mpolsemMa aHain3a curHaja. Tak Kak OOJBIIyI0 pOJb UTPAIOT
(U3UKO-MEXaHMYECKHE CBOMCTBA 3aroTOBKH, €€ CTpPYKTypa. Bo-BTOphIX, eciu
UCIIOJIb30BaTh 3aroTOBKM PA3HOTO JAMaMeTpa, [JIUHBI, MIHUPUHBI U TPOUYUX
pa3MEpHBIX MapaMeTpoOB, TAK)KE BO3HHUKAECT OOJbIIAs BEPOSITHOCTh OLIUOUTHCA
MpyU JMAarHOCTUKE Tpoliecca. B-TpeTbux, Hamajka CTAaHOYHOTO OOOpYIOBaHUS
UrpaeT HEMaJl0 BaXKHYIO POJIb MNPH IPOIEecce pe3aHuss U NpH JalbHEHIIei
00paboOTKM 3BYKOBOT'O CUTHAJIA CTaHKa. B OOJMBIIMHCTBE CIydyaeB pa3HOOOpa3HbIe
yCciaoBUSL OOpabOTKM 3aroTOBOK HAET Ha IMOJb3y JUArHOCTUKH Ipolecca
IIOCPEACTBOM 3BYKa, HO JUISl 3TOI0 TPEOYETCsl COOTBETCTBEHHOE 000PYIOBAHUE B
JECSITKA DJICKTPOHHO-BBIUUCIUTEIBHBIX MAIIUH 51 00Jiee TOYHOTO pe3yJlibTaTa
o0paboTtku curnana. [loaTtoMy, cieayer yuecTb, UTO MOJHbBIE PE3yJIbTaThl JAaHHOU
paboThl MOKHO HCIIOJIb30BAaTh KaK YCPEIHEHHbIE 3HAUEHUs 3arOTOBOK, CTaHKa U

PEXKYIIETO HHCTPYMEHTA.

3.4 CnnocoOb1 00padOTKH cCUTHAJIA

[[Iupokuii cnekTp METOAMK, Oa3upyrouuxcsi Ha npeoOpaszoBaHun Dypee,
HAaXOJUT TIpUMEHeHue B cdepe 00padOTKM U U3y4deHUs CcurHaioB. Jlus
WCCIIEIOBAaHUSI CUTHAJIOB C CHUMMETPUYHBIMHA CBOMCTBAMH YacTO HCHOJB3YIOT
Gypbe-KOCHHYCHYI0O  TpaHcdopmanuio, B TO  BpeMss  Kak  aHalu3
AHTUCUMMETPUYHBIX CUTHAJIOB IIPENANoJiaraeT IpUMEHEHHE (Pypbe-CHHYCHOU
Tpancopmaruu. [IpeobpazoBanue XapTin oTIMYAETC 0COOEHHOCTHIO PA0OTHI €
CUHYCOUJAIBHBIMU ¥ KOCHHYCOMJQIbHBIMU (YHKUHMSIMH, YTO YCHUJIMBAET
CKOPOCTh pacdy€TOB M YCTpaHSAET HEOOXOIMMOCTh BKIIFOYCHHS KOMIIJIEKCHBIX
gyucell. B kauecTBe anbTepHATHUBBI MOXKHO BBIJICIUTH QYyHKIIUH Y OJIIIIa, KOTOPHIS
CTPOSITCS Ha MPUHUMMNAX MPSIMOYTOJbHBIX BOJIH, KojeOmrommuxcsa ot +1 mgo -1.
Onnako HauboJblliee pa3BUTHE B HACTOAIIEE BPEMs IMOIYYHJI BEHBIIET-aHAIH3,
KOTOpBIA TO3BOJIsIeT OoJiee AeTajJbHO HU3ydaTh M3MEHSIOLIMECS BO BPEMEHH
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XapaKTEPUCTUKU CUTHAJIOB, BBISIBIISITh CUHTYJISIPHOCTH, MUHUMHA3UPOBATh LIIYM U
CXKUMAaTh JIaHHbIE OJlarojapsi «kKOPOTKUM BOJIHAM», KOTOPhIE 00JIaAal0OT YETKOU
BPEMEHHOM M YaCTOTHOM JIOKAJIN3ALUEH.

«Crenyer paznuyaTh TEPMUHBI «1peoOpazoBaHre Dypbey, MoapazyMeBaroiee
HEIPEPBIBHOE PACIIPEIEIICHHE YaCTOT, U «psaa Pypbe», 0003HAYAIOUN AUCKPETHOE
MHOXKeCTBO 4acToT. CyIlIecTByIOT UeThlpe THUMA TakKuX MpeoOpa3oBaHUil.
[IpeoOpa3zoBanue Dypbe ¢ HEMPEPHIBHBIM WU C JAUCKPETHHIM BPEMEHEM, a TaKKe
psin dypbe B HEMPEepHIBHOM WM AUCKpETHOM BpeMeHu. s nudpoBoii 06paboTku
JAHHBIX MPEAINOYTUTENBHEN UCIIOJIB30BAHUE JUCKPETU3AIMHN KaK B YaCTOTHOM, TaK U
BO BpPEMEHHOM 00JacTsIX, BaXXHO IOMHHUTb, 4YTO 3TO JIMIIb MHPUOIMKEHHE K
HEMpephIBHOMY  npeoOpa3oBanuto.  HempepoiBHOe — mpeoOpa3oBanue  Dypbe
o0ecrieunBaeT TOYHOE OMMCAHUE (PEHOMEHOB, B TO BpeMs Kak psia Dypbe orpaHuyueH
MPEICTABICHUEM NEPUOANUYECKUX CUTHAIIOB, U JH000I IPOU3BOJIBHBINA CUTHAT MOKET
OBITh OXapaKTEpU30BaH 4Yepe3 ATOT PsAN JUIIb NPUOIUZUTEIBHO, MUMES B BHUAY
npernoiaracMoe MOBTOPEHHUE CUI'HAJIA 3a ero npeaenamm [8].

«Jlns aHanu3a NUCKPETHBIX CUTHAJIIOB U CHCTEM IIMPOKO HCIOJb3YEeTCS Z-
npeoOpa3zoBaHue, KOTOPOE SBISIETCS OOOOIIEHHMEM JHUCKPETHOTO MpeoOpa3zoBaHUs
dypbe. OTUM TpeoOpa3oBaHUEM MPOU3BOJIBHOW HenmpephiBHON (yHKIUU s(t),
PaBHOMEPHO JHUCKPETU3MPOBAHHOW M OTOOpakeHHOM orcuyetamu S, = S(KAL),
CTaBUTCA B COOTBETCTBHUE CTENEHHOW MOJMHOM MO Z (WU CTENEHHOW MOJUHOM I10
z~! = 1/z), nocnenoBaTenbHbIMU KO3(P(UIUEHTAME KOTOPOTO SBISIOTCA OTCUETHI
byHKIINY. [8]

JImg  KOHTpOJA  HMCXOAHOTO CHUTHalla HA  CTENEHb  MNEPUOIUYECKOMN
COCTABJISIFOIICH, CIEAYeT BBIMOJIHATh KOPPEISAIMOHHYI0 (QYyHKIMIO0. B manpHeimem,
HOSIBIISIETCSI  BO3MOXKHOCTBh ~ OTNPEICIITh KOHKPETHYI0 4acToTy curHaima [8].
[MpenmnosnoxumM, 4To MUKPO(OH 3amuchiBacT 3BYK X[N], ¥ HaM HYXHO BBIICHHUTH
WHTEPBAJI ompe/esieHHoro pasmepa g[n]. « s moucka 3Toro CUrHajia BEIYUCIISIFOTCS
CKaJISIpHBIC MPOU3BEACHUS CUTHANIOB X[n] 1 g[n-K] nis paznuunbix k. To ecTh MBI Kak

OBl MBITaEMCS (IIPUIIOKUTH» HWCKOMBIM CUTHAl BO BCEX BO3MOXKHBIX IMOJIOXKEHMSIX K

43



CUTHAIIy C JIaTYUKA U HAWTU UX «CTENEHb MOXO0XKECTH» (CKAISIPHOE MPOU3BEICHUE)
JUTSL KOKJIOTO TMOJ0XKeHusa. Takum o0pa3oM, Ha BBIXOJE MbI moiyyaeM curHai y[k],
MTOKAa3bIBAIOIIHMI, HACKOJIBKO CHTHAJI C JaT4hKa X[n] B O3UIUHU K MOX0K Ha HCKOMBIH

curHai g[n]. opMysia BEIYUCICHHUS KOPPEIAIIUU TaKoBa:». [26]

ylkl= Y7 glil -x[i — k], 5)

«311ech CYMMHPOBAHUE MOKHO MTPOBOJAUTH B KOHEYHBIX Ipeenax, T.€. TOJIbKO
I T€X 1, JJI1 KOTOPBIX MCKOMBIM CUTHal g[i] OTIMYeH OT Hyjs. beckoHedHbIe
npejeabl CyMMHUPOBAHUS, Kak U B (JOpMyJie CBEPTKH, 3alMCHIBAIOTCS JJI1 OOIIIHOCTH
(4TOOBI MOXKHO OBLIO MPOBOJAUTH KOPPEISAIHUIO C CUTHAJIOM JIH000M IuHBI). CMBICHT
MOJYYarollerocsi CHTHaJIa y[n] B TOM, 4YTO €ro BEJIWYMHBI JUISI KaXAOTO n
ITIOKa3bIBAIOT, HACKOJIBKO BXOJHOM CUTHAJ B MO3UIMHU N MOXO0X HA UCKOMBIA CUTHAJI.
Eciu BO BXOAHOM CHUTHAJIE IPUCYTCTBYET TOJIBKO LIYM, TO U 3HAYECHUS KOPPEISIUU
OyIyT IyMoM HeOOoJbIIOW aMIIuTyabl. Ho Kak TOJIbKO B IIyMe BXOJHOT'O CHTHAJIa
nosiBUTCA (popMma, moxokasi Ha UICKOMBIM CUTHAJ, TaK 3HAYEHUE KOPPEJSIIIUKU B ITOU
TOYKE CTaHeT BBICOKMM. llepenuiiem GopMyny Koppensiuuu B OOIMICHPUHSATOM

BUC:». [26]

ylkl= Y77 x[n+k] - g[k], (6)

CymecTByeT eme OJuH CcIrocod o0paboTKuM cHTHala —  3TO
npeoOpa3zoBanne Burnepa-Buwuis. Konnenmust pasjeneHus CHUTHAJIOB 10
Burnepy-Bumnto, pekoMeHayeT NPUMEHATH IMOAXO0J, OCHOBAHHBIM HAa aHaJu3e
YaCTOTHO-BPEMEHHOTO  CIIEKTpa HW3y4yaeMOM BOJHBI, YTO CIIOCOOCTBYET
BBISIBJICHUIO JieTajlell W OCOOEHHOCTEH Ha BPEMEHHOW M YaCTOTHOM OCH C
BBICOKOM CTENEeHbI0 YeTKOCTU. O/1HAaKO, MepBOHAYaIbHbIE Pa3pabOTKU B 00JaCTH
YaCTOTHO-BPEMEHHOI'O aHANN3a CTOJKHYJIMCh C OINPEECICHHBIMU TPYIHOCTSIMHM.

B nnane mnpoOsieMHBIX acnekToB pacnpeneneHus Burhepa-Bumis crout
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OTMETUTb, YTO OHO MOJXET BbI3BaTh HHTEP(PEPEHIIMOHHBIE TTOMEXH,
3aTPYAHSIONIME TOYHOE TOJKOBAaHME AHAJIMTUYECKUX PE3yJbTAaToOB. OTHU
uHTepdepeHIIMOHHbIe A(P(GEKTHl CO3AAI0T MPEMATCTBUS Il  JOCTOBEPHOTO
M3BJICUCHUS] CBEJICHUN O CTPOCHUHU aHAJIM3UPYEMOW BOJIHBI, a TakXe MOpHu
OTCJIE)KMBAaHUM U3MEHEHHUH €€ 4YaCTOTHOW CUTHATYPHI CO BpemeHnem. HecmoTps Ha
3TO, UCIOJIb3Ysl 0COObIE AITOPUTMBI CTJIAXKUBAHUS C OMPEACIEHHBIM (DUIBTPOM,
MO>KHO B HEKOTOPOW CTENEHH YCTPAaHUTh HHTEP(PEpPEHIMU, XOTS ATO MOXKET
MPUBECTH K CHMKEHHIO KauecTBa 4acTOTHOTO pa3pemieHus. [Io cBonM kauecTBam
pacupenenenve Burnepa-Buwis Hambonee moaxoauT st paboOThl  C
KPAaTKOBPEMEHHBIMU CUTHAJIAMHU, XOTA U 31eCh OHO YCTyNaeT METO/laM,
MPEIJI0KEHHBIM BEUBJIET-TEOPUEH.

«BetiBner-nmpeodbpazoBanue CUTHAJIOB SIBJISIETCS 00001IIeHEM
CIIEKTPAJIbHOTO aHalN3a, TUIUYHBIA MPEICTAaBUTENh KOTOPOTO — KIACCHYECKOE
npeo6pazoBanue Dypwe. Ilpumensembie a1 3ToM 1Heau Oa3uChl Ha3BaHbI
BEUBIIETAMU — COJIMTOH OOpa3HbIMU (PYHKUMUSMH JIByX apryMEHTOB — MacuTada
u capura» [14]. Cam tepmuH «wavelety mepeBoauTcs ¢ aHTIIMICKOTO Kak
«KopoTkast BojHa». DTO OJAMH W3 METOJIOB PAa3j0KEHUsI CUTHajla Ha CIEKTp.
KopoTkue BOJTHBI MOABEPTaroTCsl pa3joXEHUIO0 Ha YaCTOTHI, UTO B JaIbHEUIIIEM
oTpakaeTcs Ha aHanu3e curHana. [Ipu takom mpeoOpa3zoBaHuu Oojee IEeTATHHO

MIPOUCXOJIUT 00paboTKa 3BYKOBOI'O CHTHAJIA.

3.5 lIpumenenne MATLAB B 00padoTke curuaJia

HudpoBoe mnpeodOpa3zoBaHWE CUTHAJIOB, MIUPOKO H3BeCTHOE Kak DSP
(Digital Signal Processing), ceiiuac urpaet KJIHOYEBYIO pPOJIb B MHOMXECTBE
oTpaciieid, TPOHUKAIOMUX B IKU3HCHHO BAXKHBIC CETMEHTHI JIKOHOMHKH,
OKa3bIBAIOIINE BIMSHUE HA DJEKTPOTEXHHYECKYI0 HWHIYCTPUIO H cdepy
WH(POPMAIIMOHHBIX ~ TEXHOJOTHH. OTO KacaeTcs KaK CO3JIaHUs  HOBBIX
ANIEKTPOHHBIX YCTPOWCTB, TaK W pa3pabdOTKM NPOrpaMMHOro obOecredeHus,
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MHTErPUPOBAHHOTO B pPa3JIMYHbIE CHUCTEMbl W MOpujoxkeHus. CrenuaiucTsl,
KOTOPBhIE CTPEMATCS K HAyYHbBIM M WHHOBAIIMOHHBIM MPOPBIBAM JOJKHBI
o0nagaTh TIyOOKMM MOHMMAaHHEM TOHKOCTEM aHalau3a CUTHAJIIOB. BeisiBieHne
BPEMEHHBIX W YAaCTOTHBIX XapaKTEPUCTUK M UX B3aUMOJICHCTBUE SIBISIETCS
HEOTHEMJIEMON YacCThIO ITU(PPOBON O0OpPaOOTKU CHUTHAJIOB, MO3BOJSIS OTKPHIBATH
HOBBIE TOPU3OHTHI B ATOH 00JaCTH U CTUMYIUPYS co3aaHue 3(PEPEeKTUBHBIX
pelIeHn B UHIYCTPUH.

CoBpeMEeHHBIN YaCTOTHO-BPEMEHHOM aHAJIN3 BBIXOJAUT 32 MPEJEIIbl MPaBUII,
YCTaHOBJICHHBIX KJIACCUYECKUMH METOJaMu OOpabOTKH CHUTHAJIOB, TAKUMHU Kak
TpaHchopManuss  Dypse, KOTOpas TPaAUWIMOHHO MCIOJB30Bajach  JJis
Pa3J0KEHUsI CUTHAJIOB HA COCTABJISAIOIIME YAaCTOTHl. YJIYUYIIEHHBIE METOJbI
aHAIM3a IO3BOJISIIOT YYEHBIM M HMH)KEHEpPAM C TOYHOCTBIO OTCIEKHBATh, Kak
M3MEHSIOTCSl YaCTOTHBIE CBOMCTBA CUTHAja BO BPEMEHH, YTO SIBJISIETCS] LIEHHBIM
IJI1  UCCIIEOBAaHUSA M pElIeHus 3aaady B ObITOBOM ku3HU. Hampumep, B
KOMMYHHUKAIIMOHHBIX CHCTEMaxX, IJie ONTUMHU3ALMS MHepefayd JAaHHBIX MOXKET
3HAUYUTEJIILHO TIOBBICUTH Kaye€CTBO W CKOPOCTh COEIMHEHHUS; B 00paboTKe
ayMOCUTHAJIOB, BKJIFOYAsl yJIy4YlIEHUE KauecTBa 3ByKa M Paclo3HaBaHUE roJioca;
U B OMOMEIUIIMHCKON WHXEHEpPUH, r1e oOpabOTKa CUTHAJIOB MOXKET MOMOYb B
pa3paboTKe MEIUIIMHCKOTO 00OPYI0OBAHUS U aHAJIM3E MEIUITUHCKUX JAHHBIX.

PacmimpeHHO€ ITOHMMAaHWE CJIOKHOM MPUPOABI CHUTHAJIOB CTaHOBHUTCS
BO3MOXKHBIM Onarofaps TNPUMEHEHHUIO NEpEeOBbIX TEXHOJOTMW U METOJHK,
BKJIIOYAsi, HO HE OTrPaHUYMBASICh, KPATKOBpeMEHHBIM Dypbe-npeoOpa3zoBaHUEM,
HETIPEPBIBHBIM  BelBIIeT-ipeoOpa3zoBaHueM ©  (GYHKLIHUEH  pacrpeaeseHus
Burnepa-Bunns, Bce U3 KOTOPBIX XOpOLIO UHTErpupoBaHbl B cpeny MATLAB.
OTH UHCTPYMEHTHI OOECHEUYMBAIOT JETAIbHBIA M TIIyOOKMN aHallu3 CUTHAJIOB,
OTKpbIBasi HOBbIE BO3MOXKHOCTH ISl UX MOJAM(DUKAIMU W UHTEpPIpPETAUUU. ITO
MOMOTaeT B 3HAYUTEJIBHOW CTENEHH YIYyYIIUTh pe3yiabTaThl B UU(MPOBOH
00pabOTKEe CHUTHAJIOB, CIIOCOOCTBYS CO3JaHHIO OoJiee HAJICKHBIX W TOYHBIX

CHUCTCM.

46



BbIBOABI ITO TPETHEM TJIaBE

JlanHas riiaBa BKJIOYaeT B ceOs nHpopMaliuioo npo nudpoByro oopadoTKy
curHaioB. Ilo Buay MaremMaruyeckold MOJIEIM B OCHOBHOM  CHTHAJIbl
MOJIPA3JENAIOTC Ha CTOXacTUYecKue (CiaydalHble) U JI€TEPMUHUPOBAHHBIC
(onmpeneneHHbie). B cBOW odepenb CYyLIECTBYET €II€ CUTHAJBI IO
HETIPEPBHIBHOCTU — AUCKPETHBIN, aHAJIOTOBBIN, IU(PPOBON, KBAaHTOBHII. Bce 3Tu
CUTHAJIBI MOXKHO NpeoOpa3oBbiBaTh pu nomoiu ALLIT.

B rmaBe paccmoTrpensl meToansl 00paboTku curHana. CylmiecTByeT METON
npeoOpa3oBaHusi curHana B psij @ypee. Takum 06pa3om CUTHAI pa3felseTcs Ha
cunycousbl ¢pyHKuH. C MOMOIIBIO TAaKOTO METOJA MOSIBISETCS BO3MOXHOCTD
IIPOBECTH 4YacTOTHbIM aHanu3, Hanmpumep B nporpamme MATLAB. Ilocne
PA3JI0KEHUsI, CUTHAJI HMMEET TOJbKO cpeaHue 3HadeHHs. CyliecTBYEeT METOJ
BII®, oH 3HAYUTENBHO MPEBOCXOJIUT IO OBICTPOJCHCTBUIO aJTOPUTM psifa
Oypbe. Taxke cymecTtByeT MeTon BurHepa-Bumis, KOTOpBIM OCHOBaH Ha
AHAJIM3€ YaCTOTHO-BPEMEHHOI'O CIIEKTpa. /[ KOHTPOJISI MCXOIHOIO CHUIHaja Ha
CTENEHb NEPUOJUYECKON COCTABIISIIOLIEH, CIIEIYET BBINOJIHATH KOPPEIALMOHHYIO
dbynkuuo. BeitBner npeoOpazoBaHue ke SBIsSETCS O0O0OIIEHHEM CIEKTPATbHOTO

aHaJin3a.
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I'nmaBa 4 DkcnepuMeHTAIbHbIE HCCJIEI0BAHUS H3HOCA pe3la

4.1 IIpoBeaeHue IKCIIEPUMEHTA M AHAJIU3 3BYKOBBIX CUTHAJIOB 110

nmpoxoaam

3BYK SBJISIETCA PE3YJbTATOM B3aWMOJCHUCTBUS 3JIEMEHTOB TEXHOJIOTMYECKUX
MOJCUCTEM 3arOTOBKM M MHCTpYMeHTa. Ha ero xapaktep U ypoBEHb BIHSET CIOCOO
YCTaHOBKM 3arOTOBKM ¥ HWHCTPYMEHTA, WX KOHCTPYKTHUBHBIE IapaMETpBHI.
TexHOIOrnYecKre peXUMBbl 4Yepe3 CUIIy PE3aHUs U COMYTCTBYIOIIYIO MPOIECCY
pe3aHusi BUOpalUIO BJIUSIOT HAa XapaKTepHbIE OCOOCHHOCTH 3BYKOBOTO CHTHAaja.
[IppyueM ypoBE€Hb M TOHAJIBHOCTh 3BYyKa 3aBHUCAT OT HW3HOCA PEXYIIEH 4YacTH
MHCTPYMEHTA.

Ha cranke 1K62 3arotoBka KOHCOJBHO 3aKpPEIUISIETCS B MATPOHE C BBUIETOM
250 mm. [Iuametp Bana 50 mm. st o6paboTku BeIOpaHsl 000poThl ocTosiHHbIE 1000
o0/MuH u nojgava 0,084 mm/06. I'myOGuna pesanus paBHa 0,5 mm. Ha pucynke 5
npuBeJcHa cxemMa OOpabOTKM M PACMOJOKEHHEe MHUKpPOPOHA TPU TPOBEICHUU
HKCIEPUMEHTA.

ITpouecc pe3anusi mpoxXoAWJI B HECKOJBKO MPOXOA0B. Kaxkaeld mpoxon
JienuTcs Ha ararbl. [IepBblil ATal — 3TO X0JIOCTOU X011, TAE Ay AUOCUTHAT UCXOJIUT
TOJILKO OT Y3JIOB CTaHKa U camoro oOopyaoBaHusi. BrTopoit sTtam — 3TO
MOJABEJICHUE PEKYIIETO HHCTPYMEHTA K 3arOTOBKE. TpeTuii stamn — 3T0 OCHOBHOU
MOMEHT MNPUKOCHOBEHMS pe3lla M 3aroTOBKH, HEIMOCPEJICTBEHHO CaM MPOLIECC

pe3aHusl.
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Pucynok 5 — Cxema 00paboTku

3ByK peructpupoBaicsi MUKpodoHOM cMapThoHa. 3amuch ABYX KaHaIbHas
(ctepeo). Ilocne kaxmoro mpoxojaa gotorpadupoBaiics pe3ell CO CTOPOHBI PEXKYILEH

yactu (PucyHok 6).

Kaxnprii  mpoxoj — perucTpupoBaiioch  H300pakeHue  oOpaboTaHHOM
noBepxHoctu (PucyHok 7).
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PI/ICYHOK 6 — PGBGI_I IIOCJICAOBATCIIBHO HA KaXKIOM ITPOXOJC
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Pucynok 7 — CoctosiHME TOBEPXHOCTH MOCIIE MPOXOI0B

Hcnonb3oBancss MHUKpO(GOH, BCTPOSHHBIM B CcMapTHOH C ABYXKaHAJIbHBIM
CUTHAJIOM (CTEPEO).

[Tocne momydeHHBIX ayaudaiaoB, cieayeT oOpaboTka curHaiga, a UMEHHO
MOATOH IO ayJAMOJIOpPOKKaM W MO0 Cpe3y YacTOTHBIX (UILTPOB B mporpamme FL
Studio [24]. Cama mporpamma siBisieTcss MPO(ECCHOHATIBHBIM CEKBEHCOPOM IS

HAIMMCaHUsA MY3bIKM M MPOYMX 3BYKOBBIX MaTepHalIOB JUisl mpoxaroccepoB. ONHAKO,
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OHa TPOCTa B MCIOJIB30BAHMM JJIsi TAKUX IMPOCTHIX OMNEpaldid KaK 3KBaJM3allus,
bunbTpalys, MOJArOH CUTHAIA.

Jl1is Havana B MporpaMMy CJIEAYEeT 3arpy3uTh 2 ayauodaiina ¢ AByX MpOXOA0B.
Ha xaxxqom mnpoxoje pesell paMHOMEPHO C OMPEIeNIEHHON CKOPOCThI0 00padaThiBall

noBepxHOCTh (PucyHoOK 8).

— = - =
FLE EDIT ADD PATTERNS VIEW OFTIONS 10015 HEP (g » = A u(u we 0:00:00

g . BEEREES

Pucynok 8 — MnTepdeiic nporpammel FL Studio

3arpy3uB 00a ¢aiina B mporpamMmy, HEOOXOJIMMO MOJABECTH UX MO BPEMEHH
MIPOBEICHMSI SKCIIEPUMEHTA, @ IMEHHO TIOJIBECTH 110 BPEMEHHU MTPOBEACHHS TIPOXO/Ia.
JlocTaTOYHO HCMOJB30BaTh HECKOJIbKO (yHKIUH, Takue Kkak «OOpe3ka» u
«Kapannamn», oHu yKa3aHbl Ha PUCYHKE 8.

[Tocne nmpoaenaHHbIX orepaluii, Mo oOpe3ke U MoJABOy 10 BpPEMEHHOMY X0y,
aynno(haiel TOTOBBI K CIAEAYIONIEMY dTamy 00padOTKH.

[TpousBoauM SKCOPT curHasa mpu momornu Bkimanku «FILE», BeiOupaem
«EXPORT» B « WAV FILE». IIpon3BoauTh 3KCIIOPT HEOOXOAUMO B OTMPEACICHHOM

nopsiake. Ha kaxmoit gopoxke umeercss 3elieHbld uHAMKATOp. OH ompenaenser
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BKJIIOUCHUE JTOPOXKKHU. JIJi1 Havyama HEoOXOAMMO BBIKIIOUUTH ero (Pucynok 9), u
AKCTIOPTUPOBATH BEPXHMM (haiisl, 3aTeM BTOPOH.

Takyro ke mpouexypy HpPOBOAMM JUIsl TPEX NOCIEAYIOIMMX MPOXOI0B Pe3la,
r€ MPOUCXOIUT HAMEPEHHBI HM3HOC HCHTPYMEHTa. 371ech 13 pa3 mpoucXoauio
OveHue pe3lua O 3aroToBKy. TakuM METOJOM OIpPEACISAIOTCS XapaKTEPUCTHUKU

CUTHaJa P HeTpaBuIbHON 00padoTke (PucyHok 9).

ILE EOIT ADD PATTERNS VIEW OPTIONS 100 HELP (g » = A o u wo 0:00:00"

Pucynok 9 — Aynuodaiinel 3KciopTa v IEPUOANIHOTO BPE3aHUS NHCTPYMEHTA B

3aroToBKY

[TonyunB ABa CXOXHUX IO BU3YyaJbHBIM Mmapamerpam curHaibsl (Pucynok 10),
HEOOXOMMO MTPOBECTU OYUCTKY MOCIJIE NTYMOB Y3JIOB CTaHKa.

Jns sroro B mporpamme FL STUDIO Heob6xonnMo mpuMeHUTH (QUIBTPAIIUIO
OoT 4acTtoT y37oB craHka B ruiaruHe EDISON. JlanHbplii mimaruH mpenHa3sHadyeH OT
OTZEJIEHUsI HEeXEeNATeNbHBIX YacTOT JUIsl TOrO WM MHOro aynuodaina. s Havana
cilemyeT BbIOpaTh OMpEeNeNeHHBIN (ailyl, B JaHHOM Ciy4ae TEpBBIA MPOXOJ pe3lia,
3aTeM IIEJIKHYTh Ha HEro JBa pa3a W BbIOpaTh BKIaaky SAMPLE, roe maxoautcs

ctpouka «edit in audio editor», mokaszano Ha pucynke 10.
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@

HILE EDIT ADD PATTERNS VIEW OPTIONS T00LS HELP ().

N 2
ugin options f = s cell N rattern 1 ERERE B AR

Editin time warper

Open i new sampler channel
‘Open in new Fruity Granukzer channel
Open m new Fruy Sheer channel
Open i new Slicex charel

Detect tempo.

Get propertes

Spectrum view

Multchannel wavefom view

Pucynoxk 10 — ®unbTpanius curHania OT HOCTOPOHHUX IIIYMOB

[Tocne mpopemanHoro neWcTBHsi OTKpbIBaeTcss okHO TutarnHa EDISON. 3mech
ToCTyrnHa (UIbTAPIIMS CHUTHAJIA TI0 OMNpEeeIEHHOMY Ha0oOpy 4YacTOT, KOTOPhIC HE

JOJKHBI Y4acTBOBATh B JanbHee o0padoTke curnana (Pucynok 11)

» {3 Edison (M

ER X£L£P OO0 Q

obp1

Pucynok 11 — Ilnarun EDISON
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[Ipu QunbTpanuu curHalia, Hy>KHO YYHUTBIBATh, YTO BBIOPAHHBIE YaCTOTHI,
yAQIATCS € JAHHOTO CHUTHaja, MO3TOMY HEOOXOAMMO BBIOMpATh YaCTOThl TaKUM
o0Opa3om, 4ToObI Mpu (PUIBTpalMU HE MOCTPaJall OCHOBHOW Mporecc pe3anus. B
MEepPBOM MPOXO/JIe pe3lia mpolecc pe3anus HaunHaercsa Ha 14-15 cexkynaax. B takom
ciydae cieayeT BhIOpaTh KaKk OCHOBHOM ITyM CHUTHAJI Haxozsmuiics ¢ 1-14 cekyHmy.
B nmanHom cimydae Bo3bMeEM cpeliHee 3HaueHue 3To oT 3,5 cek a0 5,1 cek. B stom
JIMAra30He MaKCHUMaJIbHO CIIBIIIHBI IIyMbl Y3JI0B CTaHKa W dJeKTpoasuraress. lpu
BbIOpaHHOM Juana3zoHe HeoOxomumo HaxaTh [IKM Ha 3Hadok «llletku». Ilocne
4ero, BbIICIUTH MOJHBIA 00beM ayauodaitna. B oTkpbiBieMcs oOkHe OyAyT JBa
napaMmerpa, OT KOTOPbIX OyJeT 3aBUCETh, HACKOJBKO CHWJIBHO OynyT yOpaHbl
BBIOpAaHHBIE YACTOTHI MPU YHUCTKE aynuodaina. /(s nanHol paboThl ObUIO MPUHATO
pellieHre BBIOpAaTh yCpPEIHEHHBIC 3HAYCHHUs MOJI3YHKOB «Amounty m «Threshold»
(Pucynok 12). YactoTa muckpeTusanuu JaHHOOU 00pabotku sBisierca 44100 I'm.

HOJ’Iy‘-ICHHBIﬁ CHUI'HaJI BU3yaJIbHO UMCCT pa3jiniusd OT IICPBOHAYAJIBHOTI'O ITPHUMEPA.

Clean up (denoise)

Acquire noise profile

Pucynox 12 — Beibop nuama3ona 4actoT ajsi (GUIbTpaIiiy CUTHaja

[Tocnenyroiue onepalud Mbl BBIMOJHSEM CO BCEMU APYTHMMH ayauodaiaamu

(Pucynok 13). [1o anroputmy coxpaHsieM 3ByKOBbI€ cUTHAJIBI B paciupenun WAV.
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Pucynox 13 — 3BykoBbl€ CUTHAJIBI TTOCIIE (PUIBTPAIIMHU OT ITYMOB Y3JIOB CTaHKa

[Tomydennsie curHaibl noanexar oopadorke B mporpamme MATLAB. 3xech
0osiee MOAPOOHO U TOYHO MPOXOAAT 00pabOTKYy curHana (ailsibl, IOJyYeHHbIE NPU
(bunabTpaLyy.

[Ipu 3anmycke nporpammbel MATLAB nosiBnsieTcss 1uanoroBoe OKHO, B KOTOPOM
JUTsl 3arpy3ku (aiiyia HeoOXoAuMO HakaTh Ha KHOMKYy «lmport Datay Ha riaBHOM

sKpaHe nporpammsl (PucyHnok 14).

4\ MATLAB R20233

= v | O Varniable = 3 |-
L+ of 3 [ Find Fil 2
_ % Save Workspace . ([_tf'
Mew Mew Mew Open [zl Compa bn~_ " Favorites
Script  Live Script ™ 7 a @ Clear Workspace ¥ ~ ]

FILE data from file]
<A EE » O Users ¥ User » Documents »
Current Folder WEE Command Window
Mame = Jx =
Image-Line
MATLAB
My Games
My 150 Files
Mative Instruments
Rockstar Gamnes
SavedGames
VirtualDJ
Kfer
MoK MCTOYHMKK A3HHBIX
Hactpausaemble watnone Office
D ppdsdk_windows_error.txt
|j ppdsdk_windows_trace tet
e YalhallaRocom.xml

Pucynox 14 — 3arpy3ka 3BykoBbIx (¢aiiioB B nporpammy MATLAB
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[Tocne OTKpBIBIIErOCs OKOILIKAa BBIOMpAIOTCS (hailibl, KOTOpbIE HEOOXOIMMO
o0paboTaTh B JaHHOH Mporpamme. A UMEHHO 5 MPOXOJOB pe3lia, 3alvCaHHbIC Ha
MuKpodoH u obpadorannsie B nporpamme FL STUDIO.

[Tpu 3arpy3ke 5 mpoxoaoB-ayanoQailyios, cripaBa B TJITaBHOM OKHE IPOTPAMMBI

(Pucynox 15), mosiBistiroTcst 31U (hailiasl A UX JaTbHEHIIET0 UCIIOIb30BaHMUA.

4
pymeres N CaerEior) PSS ¢ - |

Ton » npouece pesania || | Moncee: npoucce pesarma

3} Request Support

~  [Eiesmmatae
M Haseanne Vcnonwnrenn Ansbon RESOURCES

npouece pezani o] 4
yuieba 2024 secH o] 5 ] £ o

& OneDiive 2] o6p1 1] obriznz

I 3ror xomnsiorep

B Buaeo

i Windows 10 (C)

Select 2 file to view details

Pucynox 15 — 3arpy3ka 3ByKOBBIX CUTHAJIOB 110 ipoxojam B MATLAB

[Tocne cnemyet BbIOpaTh BKiIaaky «APPSy, rae comepkutcs miaruH «Signal
Analyzer» (Pucynox 16). OH mpeactaBisieT co0oi 3pdekTHBHOE TpaduuecKoe
CPEACTBO, pa3padOTaHHOE C IENBI0 HCCIICAOBAHUS M HATJISAHOTO IPEICTABICHUS

CHUT'HAJIOB, OXBATBIBAIOIICC KAK BPCMCHHBIC, TAK 1 YaCTOTHBIC CIICKTPBLI.
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Sebect 2 file Lo view details

Pucynok 16 — MuaTtepdetic maruna «Signal Analyzery

[locne oOTKpbIBIIETOCS OKHA, HEOOXOJIMMO BBIOpaTh HHTEPECYIOIIHE
aynuodaiibl, HaXOAsIIUECs B JIEBOW HWIKHEM YTIIy, 3allMCaHHbIE B CTOJIOCI, IS
nanpHenmero ux aHanusa. [IKM nepemeniaeM ux B OCHOBHYIO 4YacTh JHAIOTOBOTO
OKHa, TJI¢ TIPOMCXOJIUT aHaMM3 curHana. Jlyis Hayana ObUIO BBIOpAHO JBa MpPOXoia
pe3la mpu HopMaJibHOM 00paboTKe 40 PUIbTpaIUy.

JIsist cpaBHEHHUs JNBYX CHUTHAJOB IPU HOPMaJbHOW 00paboTKe pe3rom ObLIo
3arpyeHo JiBa ayAUOCUTHAJIA.

Jlns  HaArISiAHOrO — MpUMeEpa  U3MEHEHHMS — aMIUIMTYAbl  CUTHajga W
YYBCTBUTEILHOCTH OBLIM B3ATHI JIBA CUTHAJIa JIO OOpabOTKH OT IIYMOBBIX TMOMEX

(Pucynoxk 17).
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m obrido(:,1) ® obr2do(:,1)

4.00e+5 8.00e+5 120e%8 160246 200e+6 2.40e+6 230e+6 320248 280e+0

Samples

Paser S pectium (d8)
8

05 010 05 020 025 030 035 010 045 oo 055 050

Normalized Fraquency (< radiansisampls)

Pucynox 17 — JIBa ayauocuraasna mpoxo10B A0 (GuiIbTparuu Ipu HOPMaTbHON

00paboTke

[To cnekrporpamMme YyBCTBUTEIBHOCTA CHUTHAja, BHUAHO, 4YTO 3HAYCHUE
npesbimaetr 280B, 4To 3HAYMTENBHO HCKaxaeT ayauodaiin. ITo OTpasuTcs Ha
nanbHEHIe o0paboTKe CUTHAJIA M YBEIMYUT IMOTPEIIHOCTh aHajau3a. TaKkkKe CTOWT
3aMETUTh, BOJHBI B OOJIACTH Hauaja Ipoliecca pe3aHusi, KOTOPbIE BapbUPYIOTCS OT

50dB no 30dB.

Pucynok 18, mpencraBisieT HaM CUTHAJ MOCJE ITyMOBOI 00paOOTKH.
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120

EE)

= obrfiiter1(:2) m obrfiter2(.2)

Pucynok 18 — JIBa aynunocurnania nocie GuiabTpalluy U UX CIEKTPATbHBIA aHATH3

Ha pucynke 18 BuIHO, 4TO MpU CXOXHX MMapaMeTpoB 0OpPaOOTKHU, CUTHAIIBI
pasnuyaroTca. BuieH TepBbI y4aCTOK — 3TO XOJIOCTOM XOJI, JaJIe€ MPOUCXOAUT
IOpOLECC pe3aHus, a TakKe TPETHH Y4YacTOK — 3TO OCTAaHOBKA OOOpYyIOBaHUS U
IpeKpalieHne pe3anus. Takke TMPUCYTCBTYeT CHIEeKTporpamMma o0paboTaHHOTO

curHai (Pucynok 19)

[ —

Pucynox 19 — CriektporpamMma 00pab0TaHHOTO CHTHAJIA
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B cpaBHeHuM 2 npoxoJ0B HMHCTPYMEHTa 0 M MOCie 0O0pabOTKH MOXHO
yBuAeTh Ha pucyHke 20. 31ech SBHO BBIAEIAETCS pa3HULA IO YyBCTBUTEIBHOCTH
CUTHAaJA.

Takum xe 00pa3oM MOYKHO CpPaBHUTh 3 ydacTKa C HAaMEPEHHBIM H3HOCOM
pe3na, r1e NporuCcXoaniIo OKOJI0 13 Bpe3aHnii HHCTpyMEHTa B 3aroToBKy. Ha pucynke
MO’KHO TaKXXe€ YBHJETb PA3JIMUYUS Pe3La Ha KaXA0M IIPOXoJe. IT0 00yCIOBIEHO TEM,
YTO C KaKIbIM IIPOXOJOM PE3€l] N3HAIIMBAETCS HA ONPEICIIEHHYIO BEIMYMHY (acKu

M3HOCA C ThUJIbHOM CTOPOHBI pe31a.

005 010 015 020 025 030 035 040 045 050 055 080 05 [x) 075 080 085 000 05 1.0

Normalized Frequency (s radiansisample)

Powe 5 pe ctium (d6)

Pucynoxk 20 — CpaBHeHuUe ABYX MTPOXOJ0OB JI0 U MOCJE PUIbTPALIUU

Ha pucynkax 21, 22 u 23 noka3aHbl 3ByK Ha XOJIOCTOM XOXYy, €ro CIEKTp H

CIIEKTporpamma.
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Power Spe ctrum (dB)

W hh(;,1)

05

05
6.00e+4 ; 1.20e+5 ! 1.80e+5 2.40e+5 : 3.00e+5 3.60e+5 i 420045 ; 4.80e+5
Samples
Pucynok 21 — Cursan Ha X0JIOCTOM X0y
W hh{- 1)

-0 {

&0

-80
-100
-120
-140

L
0 0.05 0.10 0.15 0.20 0.25 0.:?0 0.35 0.40 0.45 0.50 0.55 0.60 085 0.70 0.75 0'50 0.85 0.00 095 1.00

Pucynok 22 — CniekTp curHaia Ha XOJOCTOM X0y
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mhh(,1)

Frequency (xr i

024

6.00e+4 1.20e+5 1.80e+5 2.40e+5 3.00e+5 3.60e+5 4.20e+5 4.80e+5

Samples

Pucynok 23 — CniektporpamMma curaasga Ha X0JI0OCTOM X0y

CYHIGCTBYIOT Pa3INYIHBbIC MCTOABI YaCTOTHOI'O K1 YaCTOTHO-BPCMCHHOI'O dHAJIN3a
A1 U3BJICUCHHA AWMAIrHOCTUYCCKUX ITPHU3HAKOB. HOJ’Iy‘-IeHHBIe C HCIIOJIBb30BAHUECM
PA3IMYIHBIX MATCMATHUYCCKUX MCTOJOB ITapaMCTpPbl MCIIOJB3YCT JJIA BbIBOIA
IMOJIC3HOI'O PCIICHHA. 9T0 MOTYT OBITH HCKYCCTBCHHBLIC HGprOHHBIG CCTH, MCTOIBI
HECYCTKOI'O MOJCIINPOBAHMA, KOM6I/IHI/Ip0BaHHBIe HCprO-HG‘-ICTKHG MOACIIN,

PETrpeCCHOHHBIC MOJCIIN, CKPBITBIC MAPKOBCKUC LCIIHU, MCTO OIIOPHBIX BCKTOPOB.
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Ampiitude
IMF 2

Residaal

Short-Time Fourler Transform

Frequency (kHz)
Magatude (cll)

Pucynok 24 — Pe3ynbraT SMIUpHUIECKO MOIOBOM JEKOMIIO3HUIINH 3BYKOBOTO

CUTHaJIa I OCTPOIro HHCTPYMCHTA U €TO CIICKTPOTpaMMa

Hcnonb3oBaHWe METOAA SMIIMPUUYECKOM MOJOBOW JEKOMITO3UIIMU TO3BOJISET

paznenuTh curHan Ha Mojael (Pucynox 24), kaxmas W3 KOTOPBIX COJIEPKUT CBOM

Juaria3oH 94aCTOT CUIHaJia.
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4.2 Marematuueckasi Moaeab ANFIS nHa 00padoTaHHBIX CUTHAJI0OB

Jlns  co3maHust MaTeMaTHYeCKoW Mojenu Heupo-Heuetkor cetu ANFIS

CJICAYyCT NOATOTOBUTb CUTHAJIBI JIJIS nocneﬂymmeﬁ HX 3arpy3KHu B CCTh.

JIns  Ooyiee YETKMX PE3YJIbTATOB CIEAYeT pPAa3leliuTh CUTHAIBI Ha
COCTaBISIOIIME. A HMMEHHO MpOIECC pPe3aHus B S5-TH CHTHAlaX pas3jeiuTh Ha
MEHBIIME CUTHAJIBL. Bc€ 310 MOXKHO caenmath B mporpamme FL Studio. 3arpysus
CHTHAJIBI ¥ BOCIIOJIb30BABINUCH PyHKIMEH « HOXKHUIBI, MBI TOJTydaeM 23 curuaia, 8
U3 KOTOPBIX OTHOCSATCSA K HOpMalbHOW 00paOoTKe, ocTaibHbie 15 — 3TO BpesaHue

pesna (Pucynok 25).

FILE EDIT ADD PATTERNS. IEW OPTIONS T00LS HELP () » . A~ uisu we) 0:00:00°
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PucyHok 25 — Pa3neneHnre CUTHAJIOB Ha MEHBIIINE COCTABIISIONINE
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Hanee B mporpamme MATLAB wmbl 3arpykaeM Kaxaplii curHal B pabouee
mecto (Workspace), myrem nepemernieHust ¢GaiioB KypcOpOM MBIIIM M3 3aJaHHOMN

namnku B pabouee mecto (PucyHnok 26).

Kaxxapiit curaan Heo6X0AUMO MPOAHATM3UPOBATh Ha HAIMYUE CTATUCTHYECKUX
xapaktepucTuk. [locie 3Toil mpoueaypsl HEOOXOIUMO KaXKAYI0 XapaKTEpPUCTUKY U3
JIAHHBIX CHTHAJIOB TiepeHecTr B Tabmuiy Excel, mns mocnemyromeit paboTsl ¢ TuMH

JaHHBIMMU.

Jlns Hadanma cienyeT HakaTh Ha CHUTHAJ U3 pabodero mMecta U IeperTH BO
BkiIanaky «Plotsy, 3mech HeoOXoaMMoO BBIOpaTh CaMyl0 IIEPBYIO IIKaIy IO

Ha3BanueMm «Ploty. Ilocie mponenaHHBIX HEHCTBHIA OTKPHIBACTCS BH3YalH3aIlHs

3ByKOBOTO curHaia (Pucynok 27).

T ¢ |2

SLiaigaiaRrz

S

Hosan nanca (Folder) v

Mo details available

Pucynoxk 26 — Curnansl B paboyem mecTe
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Pucynok 27 — Buzyanuzaius curaaia

ITocne Toro, kak HaM BHUJCH CHUTHAJ, HEOOXOIAMMO TEPEHTH B OTKPBIBIICMCS
OKHE BO BKIanky «Tools», m BwIOpaTh «Data StatisticS». Drta omius BbIUHCISICT
CTaTUCTHYCCKUE XaPAaKTePUCTUKU CUTHAIA, KOTOPbIC OTOOpa)KCHbI Ha PUCYHKE 28.

OHnHu SABIAIOTCS OCHOBHOM YaCThIO B CO31aHNH NJaHHBIX AJIsA HeﬁpOHHOﬁ CCTH.
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Pucynoxk 28 — Cratuctuueckue xapakTepuCTHUKU

Janusie mo ocu X MOKHO ITpeHeOpedh M UCTI0JIb30BaTh TOJIBKO JAHHBIC 110 OCH
Y. Tak kak ocb X COJIEPXKUT TOJBKO BPEMEHHbBIC XapPAKTEPUCTUKHU CHUTHAajA.
[IponenbiBasi TaHHYIO OTIEPAIMIO C KXKIBIM U3 23 CHUTHAJIOB, COCTABIsETCS Ta0JIMIIa
U3 Bcex xapakrtepuctuk. [lanHpie B Tabmuie EXcel MoxxHO yBHIETh Ha pUCYHKE 29.
3mech comepkuTcs Bcs mHGopMarusa o 23 curHajmax, a Takke HHpoOpManus To
W3HOCY PEXYyIIero MHCTpyMeHTa B MM. Creayer OTMETUTh, YTO 5 CTOJIOEI] TOJ
Ha3zBanueM Mode ummeer 3HaueHue () BO BCEX CTPOYKaX. DTHM CTOJIOIIOM MOKHO

npeHedpeyb.

JlanHble OyIayT 3arpy’kaTbCsi B HEMpPO-HEUETKYI0 MaTEMaTHUYECKYI0 MOJEIb
HeiiponHoi cet ANFIS. Bce mecTs cTonOIOB NaHHBIX, MCKIIIOYasl MATHIA, OydyT
3arpy’eHbl Kak BXOJbI, a IOCIEAHMNA CEAbMOM IIOJ Ha3BaHUEM «Weary, Oyner

0003HavaThbcs Kak BeIX0/IHOM mapametp B cucteme ANFIS.
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0.07797 -0.08453 -3.767E-6 0.0 0.0 0.01414 0.1625 0.1

0.201 -0.1813  -4.986E-6 0.0 0.0 0.01525 0.3822 0.1
0.1298 -0.127 -1.244E-5 0.0 0.0 0.01646 0.2568 0.1
0.08078 -0.08795 1.296E-5 0.0 0.0 0.01549 0.1687 0.2
0.09143 -0.08447 -2.111E-6 0.0 0.0 0.01738 0.1759 0.2
0.1184  -0.1679 -3.406E-5 0.0 0.0 0.01976 0.2863 0.2
0.1026  -0.1042 7.256E-6 3.052E-5 0.0 0.01661 0.2069 0.25
0.1054  -0.1358 -6.479E-6 0.0 0.0 0.01749 0.2412 0.25
0.5472  -0.5912 2.409E-5 0.0 0.0 0.05223 1.138 0.25
0.4289  -0.4289 -8.396E-6 -3.052E-5 0.0 0.04432 0.8578 0.3
0.5872 -0.6401 4.77E-6 0.0 0.0 0.05418 1.227 0.3
0.5118 -0.5311 -6.88E-5 0.0 0.0 0.04155 1.043 0.3
0.6292 -0.6216 2.47E-5 1.526E-4 0.0 0.05691 1.251 0.3
0.6386  -0.5955 1.994E-5 1.221E-4 0.0 0.04654 1.234 0.4
0.6021 -0.4811 1.238E-7 -3.052E-5 0.0 0.04378 1.083 0.4
0.5389  -0.4817 -1.337E-5 -3.052E-5 0.0 0.04254 1.021 0.4
0.4822  -0.529 3.107E-6 0.0 0.0 0.04699 1.011 0.5
0.5986  -0.586 2.281E-7 3.052E-5 0.0 0.04412 1.185 0.5
0.5325 -0.6197 -3.369E-5 3.052E-5 0.0 0.04351 1.152 0.5
0.6012 -0.6837 1.47E-6 9.155E-5 0.0 0.05464 1.285 0.55
0.5936  -0.657 3.588E-5 1.526E-4 0.0 0.04182 1.251 0.55
0.6372 -0.6426 1.288E-5 1.526E-4 0.0 0.04453 1.281 0.55
0.6479  -0.587 1.743E-5 3.357E-4 0.0 0.05612 1.235 0.55
max min mean median  mode std range wear

Pucynok 29 — Cratuctudeckue XapakTepuCTUKA

B xomananoit crpoke (Command Window) cucremsr MATLAB npornucesiBaem

«anfisedity, oTkpriBaeTcs okHO HelipoHHO# cetn (Pucynok 30).

B Hee HeoOxomumo 3arpy3uTh gaHHble u3 Tabimmbl Excel. Opjnako,
HEBO3MOKHO MX 3arpy3WTh HM3-3a Pa3HOCTH pacimpenuit (aitna. Crnegyer cHavaia

coxpanutb Excel daiin, kak CSV(Macintosh), 3atem coxpaHeHHbIH (aiiia OTKPHITH
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gyepe3 OJOKHOT W coxpaHuTh B (popmare .dat. [Tocie 3Tux nedcTBHii 3arpykaem

nanabie B cuctemy ANFIS.

Jns 3arpy3ku HeoOXOauMO BbIOpaTh THUI JaHHBIX, JJI1 Hayana Clexyer
BeIOpaTh «Training», 4to o3HayaeT JaHHbIC OOYYCHHUs, TaK KaK HEHpPOHHAs CEeTh
nomwkHa oOyuntbesi. Haxkumaem Ha «Load data» w B mosiBUBIIEMCS OKHE CIIETyeT
BBIOpaTh (haii, KOTOPBIi ObLT coXpaHeH B opmate .dat, 3aTeM JaHHBIC MOSIBITCS HA

rpaduxe (Pucynok 31).

‘4 Neuro-Fuzzy Designer: Untitled — O x

File Edit View

Pucynok 30 — Heitponnas cetb ANFIS
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4 Meuro-Fuzzy Designer: Untitled — O >

File Edit View

Pucynok 31 — Heiiponnas cetb ANFIS ¢ 3arpyxeHHbIMH JaHHBIMU AJ151

oOy4eHus

HeiipoHHast ceTb aBTOMaTUUYECKH OMpEaeania KOJIMYEeCTBO 23 map JAaHHBIX, a
TAKK€ KOJMWYECTBO BXOJOB — 6, KOJIMYECTBO BBIXOJAOB — l. A Takxke ompeacnui
GyHKIMA TPUHAUISKHOCTH KaXJIO0TO W3 BXx0jA0B. Jlns mepBoro BXoja 3TO

KOJIMYCCTBO paBHO YCTBIPEM, OCTAJIBHBIM IIATH BXOJ4M — TPEM.
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Janee nepexoaum B reneparnuio FIS, roe cmenyer BeiOpats ¢ynknmio [aycca,
U TIPY 9TOM U3MEHsieM (QYHKIHMIO MPUHAJJISKHOCTH Ha 4 1 6 BXO/Ie, TaK KaK 3HaYEHUs

Ha 3TUX BXOJaX U3MEHSIOTCA B HEOOJBIIOM auamna3zoHe 3Hauenuil (Pucynok 32).

4 Add Membership Functions — L] ot

gaussmf

constant

S o

Pucynok 32 — Beibop ¢hyHkimu npunapiexHoctd B AFIS
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[Tocne renepupoBanusi BeIOMpaeM MeTo] 0Oy4YeHUs Halllel HEWpPOHHOU CETH,
TaK KaK y Hac UCIOJIb3yeTCsl THOpUIHASL CETh, TO BHIOMPAEM B T10JI€ METO]] CBOMCTBO
hybrid. KonmmaectBo s1mox — 3To0 KOJIMYECTBO oOydaromux pa3. B manHOM ciydae
obuto mpuHATO BBHIOpaTh 50 smox. [locrme HacTpoilku 111 0Oy4YEHHS CETH HYXKHO
HaxaTh KHONKY Train now. [locne HaxaTust oOyueHue OyaeT WILTIOCTPUPOBATHCS B

Buze rpaduka [30].
JlaHHast MporpaMMa UCIIOb3yeT CBOM 0003HAUCHHS B ITOJIC BU3YyaIH3allHu:

— romy0ast Touka — TECTUpyeMas BBIOOpKa,

roiry0ast OKpy>KHOCTb — oOy4aroniasi BeIOOpKa,;
— TOJyOOM IUIIOC — KOHTPOJIbHASI BEIOOPKA,

— KpacCHad 3BC31049Ka — PC3yJIbTaTbl MOACIUPOBAHHNA.

[Ipouecc oOyueHust HeiipoHHOW ceTH npuBeaeH Ha pucyHke 33. [1o ucreuenuto
BpEMEHU OOy4YeHHs MOXKHO [MPOCMOTPETh pe3ynbTarbl. Ha maHHOM 3Tame
TPEHUPOBOYHOU HEMPOHHOU ceTu, Bbiaano 324 npasuna (Pucynok 34). Takxe cTout
OTMETUTH, YTO OT KaXJOr0 BXOJAa B CICAYIOLIUN CIOM UAET IO TPU TEPMBbI, OJHAKO

oT 4 u 6 cioeB UAYT 10 ABE TepMbl (PucyHnok 35).
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|4\ Neuro-Fuzzy Designer: Untitled - O >
File Edit View
. %109 Training Data (ooo) = eEEiE
Atk
# of input: §
6 # of outputs: 1
= # of input mfs:
5, 333232
i
2
o ol R Structure |
i 10 20 30 40 50 —
Epochs
Load data [ Generate FIS [ Train FIS ] Test FIS ]
Type: From: Optim. Method:
(®) Training () Load from fie hybrid ~ || Piot against:
O Testing file: O Load from worksp. Error Tolerance: @ Training data
. " 0 .
Grid partitio Testing data
O Checking O worksp. @ B n Epochs: O ==
O pemo () Sub. clustering 50 () Checking data
Load Data... | Clear Data | Generate FIS .| Testow |
Epoch S:error= 7 4475e-05 ‘ | Help Close

Pucynox 33 — Ilponiecc o0yuyenus neitponnoit cett ANFIS

[4] Rule Editor: Untitled - m} X [# R - O X
File Edit View Options File Edit View Options
WIPUTT= U000 #TPULE = S.o0WpULs = = 1 UEE 4 = AU TR 0 UoUd PUIU = Ui £% GUIPULS U.UST7
318. If (input1 is in1mf3) and (inputZ is in2mf3} and (input3 is In3mf3} and (input4 is in4mf1) and (input5 is in- ~ ; =
317. If (input1 is in1mf3) and (input2 iz inZmf3) and (input3 iz in3mf3) and (input4 is indmf1}) and (inputS is in 3
318. If (input1 is in1mf3) and (input2 is in2mf3) and (input3 is in3mf3) and (input4 is indmf1 ) and (input5 is in g
318. i {input1 is in1mf3) and (input2 is in2mf3} and (inputd is in3mf3) and (inputd is in4mf2) and (inputs is in (5]
320. If (input1 is in1mf3) and (input2 is in2mf3) and (input2 is in3mf3} and (input4 is in4mf2) and (inputs is in g.
321. If (input1 is in1mf3) and (input2 is in2mf3}) and (input3 iz In3mf3} and (input4 is in4mf2) and (input5 is in 9
322, If (input1 is in1mf3) and (input2 is inZmf3) and (input3 iz in3mf3) and (input4 is ind4mf2) and (inputS is in 1C
323. If (input1 is in1mf3) and (input2 is in2mf3) and (input3 is in3mf3) and (inputd is indmf2) and (input5 is in 11
324, If {input! is in1mf3) and (input2 is inZmf3} and (input3 is in3mf3) and (inputd is indmf2} and (inputS is in ¥ 13
< > 14|
1
and an }
inputd is 18]
19|
A 200
" o | e
indmfz ind 55,
none ng 23|
24|
25
v ] ] w w %‘;I -
[ not [ not [ nat [ nat ot Il %‘ =
00
r Connection Weight: 311
] i = ———
Oor
Input: | (9 3629;0.3841;-1.646e-05;0.0001) (|Plotpoints: = 1gq Move: jeft | right | down| up
® ana 1 Delete rule | Add rule | Change rule | | = ‘ ! ! ! '
FIS Name: Untitled ‘ | Help e | ‘ Opened system Untitled, 324 rules ‘ ‘ Help | Close | ‘

Pucynox 34 — CreHepupoBaHHbIE MPaBUIa HEYETKOTO BBIBOIAa HEUPOHHOU CEeTU

ANFIS ¢ nomorpro gaussmf
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Pucynok 35 — CrenepupoBanHas cTpykTypa HeiiporHoi cetu ANFIS Ha ocHOBe

BXOA0B U BbIXOJ0B

Takum 00pa3om, mo mpolieccy OOydeHHUsl MOJydeHa CTPYKTypa HEHPOHHOM

ceTH, npaBuia, u rpaduk (Pucynok 36).

Hcnone3yss  BbILIENEpEUYHUCIECHHbIE JIaHHBIE IO  3KCIEpUMEHTY, Oblia
coctaBieHa cTarbs. CTaThsd MO JaHHOW paboTe ObLIa MpelCcTaBlieHA Ha HAay4yHO-
npakTuyeckoi koHpepennmu «CryaeHueckue AHu Hayku TI'Y», KoTopast mpoxouia
¢ 1-30 anpens 2024 roga. [lo OKOHYaHUIO MEPONPUATHS KIOPU NPUCBOUIIN TPETHE
npu3zoBoe MmecTto. Ilo yclaoBusSIM KOHKypca, MpU30BbIE MecTa padoT MOJjexar
onyOMuKOBaHUIO cTaTell B TONBSITTUHCKOM TOCYAapCTBEHHOM YHHBEPCHUTETE.

JAmioM npu30oBOro MecTa NnpecTaBiieH Ha pucyHke A. 1, [lpunoxenne A.
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|4\ Surface Viewer: Untitled - O >

File Edit View Options

input2 . input1
X (input): input1 .Y (input): input2 «  Z (output): output v
X Mesh Points: | 45 ¥ Mesh Points: g Evaluate
‘Ref- Input: [NaN NaM -1.646e-05 0.01 HP'DT points: |44 ‘ ‘ Help | Close | ‘
= |
|4\ Surface Viewer: Untitled — O *

File Edit View Options

input1
input2
X (input): nput1 Y (input): input2 « | Z (output): output v
X Mesh Points: | 45 " Mesh Points: | g Evaluate
‘Ref- Input: [NaN NaN -1.646e-05 0.1 Hf"m points: g9 H Help | Close ”

[ |

Pucynok 36 — I'padmk mosry4eHHBIX pe3ysibTaToB Mpu oMoty gaussmf

OOy4eHHYI0O HEUPOHHYIO CEThb MOXXHO B JaJbHEHIIIEM HCMOJb30BaTh C

APYTYMH 3BYKOBBIMU ITAKECTAMU JTAHHBIX.
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Br1BOIBI IO YETBEPTOU IJ1aBE

B naHHONl TrnaBe coaepkuTCS BCA MHGMOpMalMs 1O [POBEIECHHOMY
HKCIEPUMEHTY TI0 XOJly MarucTepCKon TuccepTaluu. 3ByKOBbIE CUTHA MOJTYYCHHbIE
B IIpOLIECCEe 3allMCU Ha MHUKPO(OH MpeaBApPUTEIBHO TOJKHBI OBITH 00paboTaHbl U
OYMIIIEHBI OT HEXEJIATENbHBIX LIYMOB, TAKHE KaK IIyM 3JIEKTPOJABHUraTeNsl CTaHKA,
mmuHenst. CylecTByeT HECKOJBKO 3TalloB MpoBeAeHUs (GuimbTpauuu curaia. s
Hayaja JBa CHTHaja HOPMaJbHOW OOpaOOTKM TEXHOJIOTMUECKOW OMNepalud U TpH
CHTHaJIa Bpe3aHHs MHCTPYMEHTA B 3ar0TOBKY 3arpykarotcs B nporpammy FL Studio,
3aTeM IOATOHSIIOTCS IO BpeMEHHOMY psfny. Ilocie 3toro mpoucxomut apoOsieHue

CUTHAJIOB JJ1 00Jiee TOUHOTO aHanu3a B nporpamme MATLAB.

MATLAB ciyXuT Kak HCTOYHHK BCEX HEOOXOIUMBIX OIEpalvii JJisd aHaIn3a
3BYKOBBIX (aiisioB. Bo-mepBbix, 310 omepamus «Ploty, HeoOxomumas s
BU3yaJIM3allii CUTHaJIa. BO-BTOPBIX, BKIagAKa «T00IS», CIy)KHT I ONpeeICHUs
CTaTUCTUYECKUX TlapaMeTpOB 3BYKOBOIO CHTHaja, KOTOphIe B JajbHEHIeM

3arpy>»KaroTcsl B HEUPOHHYIO CETh KaK BXOJIHBIE ITAPAMETPBI.

OcHoBHas mH(pOpMAaIUs TJaBbl MOCBSIIEHA OOYYEHHIO M CO3JaHUI0 HEUpO-
HeyeTkol wmoxenu Hedponno cetu ANFIS. Tlomydyennsle cratuctuyeckue
napamMeTpbl HEOOXOIHMMO 3arpy’karb B HEMPOHHYIO CE€Th I MOCJEAYIOLIEro
oOyuenus. Hactpoiika HEHpOHHOM CETH TOXKE SBIISICTCS HEOTHEMIIEMON YacThIO BCETO
nporiecca o0ydeHus. 3anaB HeoOxoauMble 3HaueHus B «Generate FIS» u nHacTpous
MeToa OO0ydeHHs, CeTb MOKET ObITh oOydeHa. Ilocie oOyueHuss HEMpPOHHOW CETH,
CJIelyeT IMPOCMOTPETh MpaBuia W CTPYKTypy. Ha OCHOBE 3THMX JaHHBIX JE€NaroT
3aKJII0YEHUE O MAaTEMAaTUYECKONM MOJENIN U BBISBISIOT 3aKOHOMEPHOCTH BXOJHBIX H
BBIXOJIHBIX MapamMeTpoB. llociie 0oO0yueHuss U aHanM3a MOJYYEHHBIX JAHHBIX IOCHE
ATOW OMNepalH, MOKHO MCHOJb30BaTh HEHPOHHYIO CETh, KaK IMOJIHOLIEHHYIO MOJEIb
HEYETKOTO BBIBOJA JUISI TMIOJHOTO MCIOJIB30BAHUS B HEM PYTUX 3HAYEHHI 3BYKOBBIX

CHUT'HAJIOB.
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3akJIroueHue

B nanHOll maructepckod auccepTanuu ObUIM PAacCMOTPEHBI MEXaHU3MBI H
BUJIbI M3HOCA PEXKYIIEr0 MHCTPYMEHTAa W METOJAbl MPEAOTBPAIICHUS 3TOrO0 M3HOCA.
Takke M3y4eHbl METOJbl JUArHOCTUKH M3HOCA PEXKYIIEr0 MHCTPYMEHTa Ha OCHOBE
HAy4YHOM JIMTEpaTypbl, KOTOPBIE BEIYT K YBEIMYEHHUIO PECypca pe3lia U IKOHOMHH
3aTpaT OpeAnpusaAThid, B  CBOK  OuYepedb 3TO BEAET K  IOBBILIEHUIO
HEpProdHEeKTUBHOCTH M  KOHKYPEHTOCIOCOOHOCTH Mpou3BojcTBAa. M3  Bcex
NIEPEYHCIICHHBIX B pab0OTe METOJI0B MOHUTOPMHIA M3HOCA PEXKYILEr0 MHCTPYMEHTA
ObUT BBIJCJNIEH METOJ JIMarHOCTUPOBAHUS TMPOLIECCa pEe3aHUs METOAOM 3aluCU
3BYKOBBIX (DailyioB Ha 3J1eKTpeTHbII MUKPO(OH. [IpoBeeH 3KcriepuMeHT Ha paboueM
CTaHKE [IJIs 3alucu 3ByKa IMpolecca oOpaboTku peszanueM. Paszpabotan meron
OINpENENICHUs] Y 3BYKOBBIX CUTHAJIOB Ha0Opa CTATUCTUYECKUX XapaKTEPUCTUK, C
MOMOILBIO KOTOPBIX CO3/Ial0TCSl BXOJIHBIE MapaMmeTpbl i1 HEUPOHHOM CEeTH C
HEYETKUM BbIBOJOM. M3yuena mnporpamma MATLAB s mnpoBeneHus B He
olepaluii Mo CO3JaHUI0 MATEMATHYECKOW MOJEIM HEHMPOHHOM CETHM C HEYETKUM
BEIBOAIOM. [locTpoena mozaenp HeiiponHoit cett ANFIS Ha ocHOBe 00paboTaHHBIX
3BYKOBBIX JTAHHBIX U UX XaPAKTEPUCTHUK, & TAKKE IMPOBEAECHA HACTPOUKA HEMPOHHOMU
CeTHM i1 KOHKPETHOro ciydyas mnpoBeAeHUs oOydenus. IlpoBeneH ananm3
MOJTyYEHHBIX JaHHBIX 00yueHus HeilpoHHoU cetu ANFIS, B KoTOpoiil B nanbHeuIeMm,
MOSIBIIIETCS. BO3MOXHOCTh 3arpy’kaTh JaHHbBIE JPYTUX 3BYKOBBIX CHUTHAJIOB IS

0oOy4eHMsI, TECTUPOBAHUS, TPOBEPKH.

beuto ycraHoBieHo, u4TO caMbiM A(PGEKTUBHBIM U HaMMEHEE 3aTpaTHBIM
CIIOCOOOM JMAarHOCTUKH TIPOIIecca pe3aHusl SBISICTCS MOHUTOPUHT TEXHOJIOTUYECKON
omnepanuy Ipu MOMOIIM 3BYKOBBIX MapaMeTpoB. Takoil mporecc He UMEET BbICOKHX
3aTpaT Ha KaXKIyI €AUHUIYY OOOpYIOBAaHMS U TOAXOIUT JJI MajblX U OOJIBIINX
npeanpusatuii. Kpome Toro, He TpedyeT 0coboii Hamaaku 000pyI0BaHUS M CITIOCOOCH

AUArHoCTUpPOBATL N3HOC MHCTPYMCHTA B PCKUME PCAIbHOI'O BPCMCHU.
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